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PROBLEM TO BE SOLVED: To widen a range of a recording dot 
diameter more by selecting a first, a second driving pulses in one 
recording cycle when larger dots than dots formed by a first, a 
second ink drops are to be obtained, and driving a pressure 
generation element by a driving signal including the selected 
driving pulses. 

SOLUTION: A piezoelectric element circuit 50 controls a 
waveform of a driving signal in accordance with outputs of an 
address, a clock signals from a control circuit 40. The driving 
signal comprises a first, a second pulses discharging smaller or 
larger ink drops in a recording cycle corresponding to one 
recording pixel. The first pulses are selected singly, or the first, 
second pulses are selected continuously, whereby a small dot 
diameter, or a large dot diameter is obtained. When the first, 
second pulses are continuously selected, a small ink drop is 
discharged first and a large ink drop is discharged thereafter while 

a carriage 11 is moved in a main scan direction. A scan speed of the carriage and a discharge timing of 
both ink drops are adjusted in accordance with a distance between the carriage and a paper, so that 
both ink drops are brought to the paper with the same timing. 
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urnQfr & 4 > ^«*"±ai a > * * ? h 
mais»o ✓ x** i © ^ > * « ^H±a $ * * fc& 

a>* l <D$m> ^A<t, ai?&<» ✓ x*a> *e> pia* i s> 

32 ®W<*A £ «r^-Cft ftWHI^tfttStt * 
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o*>' < ? - * *** at- h *ih*k£ . 
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S£ 4 h CC L,fc# -? r «V HH(C?Qtr 3 la«2<7> 

^> ? hBH^ ? K CHUMS. 
[MOTS ] Ig*3g i fctfro>4>>?i>x y na»^ ^ 

ttE MfeftX-f CDC*(C A D SMaWKWd nr A > ^ (0 

wcfiit,r»(^£»c. 

10 ^5>^£|ijl2*20^>^Hia©^^^>^£<Z)BS 
[Ig*3p6] Ig*3I2l2^^>^^* y HaH^i' 

■fit. giiaE^s^^cc^ > i?«:^UA*^^^s 
[ig*jg7 ] ig*^5 tattoo > * r lan^ 

mm £ , IfflS^^ A ^ 7 ftfecc J: h »tt<0BX| T c o 
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sam i > ^ifSfl±a<D^ a x > >?L%mm<Q A>t? 
nM<WKii,r l nefliBTcoE) («k->- 1/ 

2> fS^£pjia;T^ffi£^^An'^f hEM 

40 jurq^ & ^ > ^ss^»±ai 5 # -j> > ^ v * y h taas^ 
meiciKo ✓ x^> p>m \<D<(>i>m&±iiteit&ttib 

CMB 1 <^§gtt^^X £ , UlS»a>y X^feina* 1 o> 
^>^»J:0**^S2©^>^iatld:ajSli*fc«>O 
M 2 cr>SBJHp^ <>l X £ «r^*C ft &Rftfl-96ft£ 5 ii , 

iasi^ccMit.uft:-is^aisrtt:'g?Fi2^gtt;x^A0 

BUI 1 Sfcli£2<0*f >^jgjcc J: 0Vtf8A« K ^ h J: 

♦j**i*ps h*^j«i/«r:^£r*iflsccji 1 sria-e 

50 ^/afiirttcfjte* 1 OSEA^Jl'X £mgasi2<MB«^^ 
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imtM±7ki-znm?i> 4^*vx?\ gm^ 9 k<» 
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mm 1 1 ) 1**339 td$s<o^ > ? h ta^ 
una.* i > »MlU® * ^ ; > ytm&M 2 <m > 
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o . ias«S#±K:ii«*g2Si'r ^eofflSsrab , 

m 2 w * t b^Lxu z>%m\t^&§&. z^h 
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^♦flwdci*^, Usui, B2©KiftM 

m i *fci*H2 c«*. , t^^o^rnd--*©*saiRr 
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fvG*2fl>S|ifl^X&. inGE£%££&£S3i*& 

j w^ugs i ft ^om^t a \ > ^d<wfts§4, 
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1 0 0 0 1 ] 
[00 02] 
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S^a. , KO* / XJl (£ J: 0 laiStt#±^fl> K h 
«rMMl/r^«. Gtt^v P±OtRIME>^ 

n. cn^>os ^ > i?^ia^ifi^ia^«<*©*®tc 

K v h ftSOT a C i rta^^r^rjr ^ S.fg t L/C C 

t ic & n) , flDE ^ nfc > ✓ x^^aa^ ^> ^ > > a 
mnx\t % 

sE&T&CtktXltttfrotc, 

so [0 00 3] «cr, 4>nim«ft9tr&A: 
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i^i, l"^€'HK*4x4 % 8X8«©ttft©F?t 

n«. i e mm <£&*a»*± 1 7pras> 

£. * fc , laissfLb^san k ? p » i * & . \m& 
m©tttt&p mnr> j; $ k ft *> 0 1£ <> x , ^ > ^s© 

[ ■:) 0 0 4 ] F "? \ ««r/h3 < * &fc*>ic t ^ > ^Ifi 
©'] *S ft ^ > * « frttffir 4 L X t*, flit tf&H 
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< ? *c 1 1\ ^x juicac* & ^ > ***SS <>-x*7 
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> » m&&$ a -tt r *<r a ^ > ^ a 

[0 0 07] 

*htf, f**a-f>»aiK>i!tfiiA, Mt©-f>»ai*d 

*Wtofc*ft<f:>* Motttti c 4 # pUSt 

> > u * ■«£ a * * ic it , ✓ x^jfee**, mm 
*t©se*kw > Jitw^aayju'v » F©MiUU 

©IS»ft£\ £<©&#£$fc3ftt:mi*ftfcftc»a 13] 
WC. GMP9 h20>pj*SiB<>*br»iC^ra^*-7 

fc. 
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»ltUT:»W*>nA:ffi*lfe4»^*ff«iSli&c ice J: 
•J. ■IE>'XABP3!l»&-/>>**ttia«1t*'/>*^ 
*^ hiB^^ F©IBftftB"C*-7-C. Mfit0t©^X 

ji^4 % »aBR©>xju^*>iir!a» i ©^ > 

« ft IH2 © ^ > £Si£H±Ui ^ ^ ^ A:»©» 2 ©SEA.' c A 
A <L ^^t?ft MBftd # ^ ^ggijjff 

*©^«t< i ^-^©sg^^i^x^jgiR'r^s 

4 , 12$ 1 5 fc tiS 2 o> A > 2 &c J: 9 JMS n 

s2S 1 ©Kl^ 4 fjla^ 2 ©m^^i X 4 

U . Mm-' » * icjcS I'^c ^ > * jS£ ^ 0 1512121*^^ 

±K*Fs F*BRW**F? hM¥S4«r||itfcC 

[0 0 1 0 ] C©12i^^ K©%flttB(C^j£T^I2lik 
30 ^ v K©8HWrS©««i*. a«t©^X < iHHP©Siic 
ft&bXW1htitcE?]%&ik*Zft&£l*i>C. tic J: 
♦J . MB^X^np^S Y > ^3S*l!ttii$1**^ > >t> 
hlES^v K©ggtt*a , C*-7'C. p!2tS&©yX 
jUd*6» ! ^ d?««:RtttSli6fc«J©© 1 ©W< 
.«U^<L, ttaat©^Xjl^6BIGMl ©^>^i@^:0^ 

^ ft as 2 © ^ > ^ s^niiti 3 ii i tctotcm 2 ©iggjM.'U 
x 4 s^rft ■ssgttif^ $ tf . l2$ii3iS^*ftiS 

40 »M(CJ:QflM2n&F9 hJ:*?*#i»F? HfcJfrSil, 
*^^x 4 lifias 2 ©SgSi; vUi^ i»W u , ttSffi S 

[ 0 Oil] 4 > » t?* ? t laii^ ^ F©««rS 
Hft«»l. *2©^>^accj»i6U3rc»8ia(M^x© 

rt©*ft< ±i-^8tt/<.'ux*«Ku c©att/< 

so sri©K*^*^(c#j6i/-c^.«sti*3ifi 
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04 H4. m20>%m>1)l*tC*ifoi, 

J: V* 2 0> A > ^ * K ^ 4 WB« pJ*C* 0 , 
*a K* h*^r-£>tcO3ilffcJy±<0?ii{t«:?f^ 

ft. X*"^<{ > ^iiS&CdjSii LrffiW'Cfc* , 
fift#. SB*«*KTfl>J:^^*ift. **?Marr«c4 

ft£«*M8«6»lfll4i, J&attftftSft'r&S 

< iiW* &J{*A4l/CKttY 44SIC, flrBIUlO 
4 > »tttU® $ 4 ^ > ^ 4 , H&W 2 ^a© 
Wffi. 1 <KCD|»Ml* 4 2 > * 4<&«|IBtft, «C» i 

< TR+3-Tm/8 (Tmtt, > -X^XBWfe* 
Jitt ) J: 0 HtriKH 4 bT*»6«*C*>&. ;fc;0>££ 
JttfiHUer «C 4^J: 0 . SU <D<f > ^law^c^ 
-^*^RO<C<fc&^>^CC#*«r*Jffll/i:, *2©4 

**&4>»tf4l/T?&t4tfSB4ft 

[ 0 0 13] 4 > *0ttW©3n»3tf, 4 

Qtttt*5*< aw*. Hitiisncc: < < a o , a 

*=>. ftCHtt* 4 * > y^S2©8|M^UX0* 1 (e^ 

> * Sato** 3 as^an®** $ cca oti/*5 «^ 
bfcflM>©/<**-* <fflii^^>^adta^) ftte 

[ 0 0 14] BflMW >**l**©W4ttj»*»*< ft 

b« £ , Bijia^u $ nfc»8S#ffi&;*. *>i£s 4 a * k o 
[ o o i s ] ±»a«>*».«k*. ii^o ^ttftutttofc 

4fc. 4>**«<&ira <>-x*7*> a*— M*#<fft 
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ft& tiw 4 4 c - ^ ^ > ^ ©7c * a * ft #* u fc *> 
mz*&fim&<m&*m*Mm?h 4js.6n«*> 

^=&4.«r4C4^>W^C*4o CE-ifi'&Kk. EAR 

DB1*4ff*»t*ft, WB^XjU^O^>»9IVejfii 

4iUl5B20^ > yj«jttai©^ ^ ^ > y4fl>H#HSft 1 

AOflffiT c **ifit,fc»IB4 uoe»*c tica*. 
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SI 2 CM > ^iei^iflSf «K2«[>^xo* ^ 5 > yft 

^r-5c4y>^4ft4. aia, ±ai/ 

20 [ 0 0 17] Bff&ttft^«tt(./A:ine» 1 fl>^ > i>® 

n±acc-^^ = >y4, ina92o^>yattti]cD>^^ 

ft. E^S^FSO^ >y©^^i**^^*ftc,fc4fi 
ttor.JSlST c©K*tt4L-C*»6Ci^*>L*)ti4. 

jRC'ttfttttt l> C 4 « 4 0 

[0018] a^, ^>?^»±a^3ni$^w>i?c> 
wjjt&icx, 4ft8p<oafflft#«^ctt(flr 4 ^ > i> 
4a->rL/*5c4^^6n4 0 u^-^r. A^tf 

ntSttOfe ftK$Lfc^>-*ft 
©ttito 4? ^ 5 > y 4 jfij!2£ 2 0 > > ffi<E ^ ^ ^ 

j;4ta&coJifiSTc<o <S&+ 1/2) te^4Hj£ir* 

[ 0 0 19] fc^ > » t> a ? t IBH^ ? K 

*ilC4«r«4. ^-SEflMfiKt. MMD/XH 
4C4CC10. mLsXAMli>bA^i>*1Mbi<& 
> ^gtS«<r J: ♦! , KB««±^Bftfte»r4£P 

mmwvib'iX. Mtc, Bttft«.«r4HX«cRfiaii 

50 ft^T^Bn^^- 4? ftAftr&fii*?- * 4 . 
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mte#&o>sZ>\>1»Z>Wl 1 (D-i > £$£a±Elj£tf4fctf> 
^ £ tiDCft' OU * 4 * 4gHJB4*&£ 5 1* 4 

$m^s&££&%t , ^BXcc^ifc-GBMnrt 
tttiai/fti*. nsai $fcita2®in'f*x4H' 

C±«:M£t/a-4. 

mmc&rKsc. -immzwv, ±zz<om%zm 
tr. .« i Min^^^ccfttitursasn&v 1 <oa > 

*8<CJ:4F9 hi, B2C«MM*aicjttSL-C*« 
$ft4520^>»»CC£4F? h&. ^1^12 

4iC<0^fe©Z-XOK^ h«r«Wr*C4r. K v Y 
*&tfl*ftl'. 'I»F* l>*Bli)W4. CftJ:fl***F 
s h tW * 3 Bf UUOPWttfTtt 5 C 4 
C©tf», ^8W>»aKCJ:«F? h4, 
>*SKJ:4F? h4*r, ««^iS*K^.« 

r * c 4 #-c# . epsuiig *i£Tir * c 4 ft < . 
4Hf3s©fi«*SKiciaj±T4 c 4#*c* 4 0 
[ o 0 2 1] ft fe, *»*»4 HB&bk fci * r . > ^ * 
^^R0"aBTRt>*fl«1!tt»flE>JBIBTi!i, *4U* 
^>^ilBW>«/>^<DH«HJft»Tcfc*fl[L/C. II 

©/ <**mt m 2 ©> 4 ©Bff *£x>4 c 4 

1 0 0 2 2] 

[ «9H«>.**ft® ] «T. *#ffl©*te©E»Ml' 

noMtta^biMj'r*. 02k*. *«b©- gift 
014 Ltr<oeniJSs<oiSR£=£^ryp 9 »ar*4. a 

^T4J:^C»:. s^e^-^gOK** *;M 24*77 

-*y>*2 2 4#«*tet.'cfc*j. c«)2>f^* 
9 o immw^u 9=>ufi*~ k $ n»f $ n4 c 4 cc 

J:D. ^(*4U apSiJgg4l,r^r4o a*T4J: 

ItT 4 C P U 8 1 * * iMC . m A 8 0 J: 0 fBSKttM 
Sftfc*©ft»*B;l4. ROM8 26* % CPU 8 It? 
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*T»tMfti/cfcfl, RAM8 31*. HO< CPUS 1 

rftWikJi«yB«XTft > ftcc)(Cie««c say a y$jup 

r- fra^WKSfrM** 3n4>'* 'J T*4. A* ^ 
>*~7 W*8 4lt **** 1 2**-#-Fl 4 

*'J>*2 2'N©J lf --*©tttfjMI4. CRTC86 
tt. *?-«5RBirettCRT2 1 ^OC'ff^a^£§i|ffl 
O. p-^ ( n n r > 8 7!£, Fr 

1 6*>7 U**'7^ K^^l 5*>4U*BSl' 
10 ft i »C D - R 0 M F 7 ^ ^<b©HC[)^- ^ =£:$iJtai 
^4. ^-F^f AMBKI*, RAMS 3 tea- F$ 
n-ClBf $ 414 D y * A * r v <^F?^; 
sCCiMK $ 4a4 D ^ A ft 4 WBtt s n C 
[0023] C©»*, J<*80(Ctt. ^yr*ABB* 
(S 10) 889WtM3tir^4 9 CO 
siossii. *f*Ai 8<c*fttsh-c*i«j, 
s«:/vor, £^**»B«PNTtCiS«Snri^4. ^ 
>e*-*9 0tt, COS \08 8teW£?U\ 8* 

4fe«irer'*>4. ^70^A*7U*W 
i A ^ F D^>C D - R OMCCJ: D D- FU 3>b' 
» - ^ 9 0 tc*?7 $ ii4 C L t> ?ftfrC*4. 
[ 0 0 2 4 ] ' B 3 l**«MMMM> V ? h •? * r 
^T^D ? »B"C*4. a^ea-jrgCCtt. 
tM/-r^^>At^K, 7^"J Jr--f ff>7 
p ^ ^ A 9 5 VMff OU^ B ^ u - r ^ > r 
LXC& y b^h ^^M9 1^7*U>3? F?4'<96* 

4fc»©#BH«lf r -#M I D^ffl/53n4C4^ft 
4. BMM)U* ^*ft4^tf^T7"'Jir—>s>^D ^ 
^^95li, ^=^^^1 2^*Sil*€: M»i&». ence 
^L^^50fi^W^^t'r*K7^M9 1 £/ri, 

rcRTr '^^^u^2 i ^eafc*^^ur^4. ^+ 

*tl2^«»Sn4f-^ORGi3:, ^77-!!^ 
6la*46n. b^K{R), y»J->(C>. 7'^- 
( Q )<J> 3 6© 4 4 Ji**7 7 -iaittr - ^ O R 

40 GX'&Zo 

[ 0 0 2 5 ] C ©r 7 »J _ s> 3 > ^ a >r ^ A 9 5 ^ 
EPB^«:ft1 A 44, 2>f*-^9 0(07'>J>»F7 
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^fe^fc V » - )l 9 7 4 . fetilE* t> ^ - 9 8 4 , 
50 4. 7A^^^1f 1 0 04^<i^^n*CC^4o 
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[0 02 6] l?»*Kft**:*-.'U9 7M:, 7*1"/- 
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c^i/t:«?»*?ttt3tifciii«^-^tt*«RGB 
(P3 huh a(fcflHfi*C&£ri> . Bf«E«>*-Jl 
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>*2 2# v SH*cc^c^C, KflhttU *K*I>* 
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-»90iWjy; K?^<9 8 , ca i 7*y>*2 2 
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* 'J ?i>3 1 Z*v?>2 GG&73ftlC&fflb2#&& 

tet. * * y * *3 i ccttttdn&En*^ * K2 8&fii* 

n*><C*£0*-*2 3, *ty?t»*-*24. 60^ 
^ ? F2 8 fc£tflftfp<*j|,3 2 4©«*D*>0B0 & 

ttX fx &«Mt ^ ftflW * fx y * 

assess 5 o t*6«wianr^4. 

[ 0 0 2 8] * + »J i>3 l 2 6 4>M#fi(C 40 
+ y ? ^3 l «:@tt«T^tCgr#T4gtt^3 4 t , 

* * «j ^ t>±- $2 4 tcomicmt&wmtb^n h 3 e * 

"J 3 8 i 1 * + y y 1>Z l OJFjgfiBtlfe 
£T*(igteai"b:>^3 93*>&1ft*S*iTl'*. 
[0 02 9] C®**y ?i'3 ICC**. <B 
K ) ffi(7>*7- h 'J *>7 1 £*'7> (CD , 7 *f h 
7> (C2 > . (Ml > , ^ YW^V <M 

2). -Yxd ( Y> ©5B0^>**i|Kttl/fca*---{ 
> - MJ S> 7 2 aPKttptt-C**. *-'7 > J: 50 
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KX^&cucrih. y ? *>3 1 ©TiMfcfl*^ ? 
K2 8ccUftBfl<94>»RUHfB^9 K6 l(rc>U6 8 

&m^? Kcc^>^^>i?^jE>a>^>^*«<^AS6 

7 <@5#K) ^iaft^^cc^o * + y ?i>2 item 

(BK> 4>*m>i7-\> UdcfcO'^-'f > 

y ^ y«:ttW6nfc»«ia<c«Aaf6 ?*HeA£ri, & 

^>^^7- h y vi^^Rtdi^ ^ K6 1 Vl> L6 6^ 
[0030] B8(t, -V>^H±ffl^A..^ K6 l-66Cd 

a r 4 6 mo ; Xil r I *4 ^ t>&^X 4a 0 , 4 8 fiW> ✓ 
X)IU z ifi-'&<QsX}\, f * k T?^*i*CCB29lj3nt: 

aiKiadJvci'Tfccfct*. (II/. H8tC7n-rJ:^tc 

[0 0 3 1 ] ±m,tcsZ>lNziy>%<D4>Z<QSkft 
It. &\W®&4 OfecfcO'f xy*HMiBB5 OfcJ: ♦? 
WWSnri**. 8MPBB4 0«!>rtWltfS<:Hl Occ^ 
l^Co a^T^^^cc, MMBH4 0^flKctt. 
b^. - ^ 9 o ^Q^mMMftaMP*?*- 
^ff'Ti^>»-'7^-^ (fc'T r I/F J <t(,^> 4 

3 6. &S'7 t -^iatft=&tf J >RAM4 4 6, 
^teiSOfc«)«:^--^>««:gattL/?cROM4 5i, C 
PU^^«c4BKaia4 8i, 2£ii[ejBS4 7<t. (WjHtiE) 
en?-s ? K 2 8 fx V'£^^gg<f^£££ $ 

<b rmtg^4^Bj <LLtr^§^fi^^BS4 8 
O'HSWf^*. M*tj*->2 3 i * + y*!*fc-*2 

4 te«tafe x v%^§Btt@K5 o i>c&mi>tc&<o \ / 

F4 9<t«r{i^TC^ fl 

[0 03 2] 2>e^»9()^. **Wl 1 Ctt 1 
7"y>^r K^^^9 6CCcfcD3flHt»I£^$n^C[) 

en^ 5 s - ^ Tisjg hinx < ^ ©r\ MMBS 4 0 « . co> 

$ ^\t> <?7r44A(CSil ^ 
Y<QSX}l?\s W(OSS^ffi-r— HHi^^' ;'^ r 4 4 

c^r-^^ji^i,, cn^ i /F4 9*/ri/cfflfrr 

ntfHOft. fS* t a>f >-*9 0»6»S8n&f r 

&mm&£-&tstv?r-*x*>i>tBs m 

*.&#X \X>? y 7 t«X£>?~ ^It, 
7 'J > 4? 2 2 $UfS)@6S 4 0 rt t 1 3 tf{bOW£«t t'& 

Vizsbotrtwt&i,'. corns, m^r-z^ \ 

/F 4 3 ft/rbTeHMMRMMI^ ? 7 t 4 4 A ic 
UkhftZo Sm.^v "7 7 44 A CCS *6nfcKSi7 ff - 
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^:«i,r2?> pjBtw*t*bftr* *ra m * ? T 4 

4B^S>tt4. *^<?3T4 4B|*1?li, MSMB4 

6 k j: -7 x *n =s - f * nfc+nws * u c cog 
n^-jjwiwsn, ***©ai*iaB, man, 

3 , 7 * > hor P u x«tf(!H0T&«a# . Htt 
m 9 7 t 4 4 BAOBW- $ tJBtt U ttSliM$B(Cffi 

ofcsftfttitai*, p? Mj-L/y-jtawjj** 
[ o 0 3 3] i^rnomd-c^, m*;<* 7 T 4 4ccc 

It. 3ftftSftfcP? h'<*~>jM(BSft, S**E>4a 
4C<ttcfr4. a^?Kit, &ifrr4J:^K. SS4 

8B©'Xd*B*fcJTCfr»4&fc. K01 

>0KtB3r4 K? K'^->f-^SA^^T4 
4CfcfBSl*fc8t, C<Z>K*hM*->-f-££. 1/ 
F4 9£*rUCtttf7 , r4. K ? V><2->T-Z£l,X 

f 0 0 J It K v htrwc. r 1 0 J tt'J*P * HMKC. 

r 1 1 j {*7wK 7 hKOK. *neh«ffii/rc»4. r 

K ? h«9jK>tt?(C^^tt, ftigBT4o 
[ 0 0 3 4] C. ^^jyirtm^jC^J-Xi. : ^>»<pni 
fflfc^tf P? h».«4?Ta^»1ttc^c»rssiflT«. @ 
Stt^frttawpv* K2 8Qrt^mWA«^'H 
^@ . m 6 It. fx P E 4>«Miti: J: > *o»± 
Htt?&)*?tntt'1l£B , C**. 

srj:^cc*iBmi*«:niffli/r-r>>*- h «j 

3 1 TtfKKt*6ftfc0l¥A>? P2 8£«&^ 9 K6 1 
<Hr» U 6 6 K«*>ft4 0 ttfe, fijft-c 4 > * h "J * 

$ ttfc £ * K tt . l>zfiC&iM^»* 

SBC^ v K6 l&l'06 6cc«9ir«IW^tTfon& 

* K 2 8 £IZ$ * * ^0#flWcrH»TltB**J: V 
1 0 0 3 5 ] &Btf>^ -.•KB! &C*U 6 6 Kit. fftrH 

wr*ao, sastc4 8fiw>yx^Nz*sB7*)nr 

* o < a 8 wr > , * ✓ x*»ke*j&£X?& u r , 

S^S^O— TCfc ~? -CJfcffttCCSftfce X V^+P E 
*WBS*vc<r»4. B6±A(CBAT«J:9(C. txv 

8fc^4(MK»S<**v<:i'4. fxv'^p Ett, 

r aa*c«a - «*$x * * rogat it ^ 

ex VXF P EOBWteJRW fetifcStt 
■(CMCKnWCCWE^EPlBr 4 C ifc J: 0 , B BT» 
cc*T J: 5 cc . fx P E ^BEMdlKnft! W« 
ttU. ^>d?iiB6 8fl>-«ll*aB5l*&o C0C# 
*. ^ > JBB6 8fl^tf ex VJfrrP EQttftcft 
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Vxtytft+l pa»^^>2 6ccltVSnA:fflKPCc 
[0 03 6] fx-/3Rf «fflC««:^>»tMli]«aBCC 
PE4S^fc^>^H±ffi«li^W«B7CC^L^Co El 

7 a . e»b^ 9p6iac»L6e <rMmmmtm^ 

— ffl*5tTKBBT?*>&. B*T*^:^ic % c©-n^ P 
10 It. **<(t. 7^^^.x-^jl^9 h 1 2 i^a^ 
it? h 1 2 2t*6«WtStir^&. 7^*^x-^^i 
— v h 1 2 lit. b'XVS^PE, 9 l«>*«rt 1 3 
0. ff320SS(JMl 3 6, ^1 3 5«»^fiMtd 

ntir^o * i ®it*tt i 3 o it, ii^ 6 iiflSdt<!>^ 

1 3 2 <<: «(fi]T4 * 5 K ex V ^ P E $ 

20 [ o o 3 7 ] c c ex vawp e uc v m i oBBtt 
exv^TPEit. ^^HiTU^n^iiimo 

rE/j^g 1 3 2 0«B«t|««#|4cc3t«L . ftin 

snfc«»^»»sn4tf*«i/rE*»4si 3 2<o 

*9€:7E:CCa:t«*ia]*C*»«:r4 # 
[003 8]^1 Otttfrt 1 3 0OTMUCttV6ftfcX 
! 3 5 it. Kfim^l 3 2*mf$&&<DlC&U 

30 T 492 0>mW 13 6^91 (Dtit&l&t 1 3 0 (C X 0 M 
B*Mlh3ft-CffiS©flE*ft±S! 3 2^^0X^ 
4. 

[ 0 0 3 9] X^-V 1 3 5<&«fiKB*3ftfc»2«!> 
HUM 1 3 6 it. J^^-^ 1 3 5 <tH*I, ^3X73? 

mm 1 3 6 Ktt % 1 3 2 iOfelt?^ > 

&Z-3G>aiaa 1 3 8. 1 3 9^«&3nr 
^4. mVLl 3 8 It, 3 7 t 

l£/j&*m 1 3 2 1 «r#ttT4 fcOT*0 , jtii7L 1 3 

sjttzh<oxbz 0 

[0 04 0] C*l6»«H 13 0. 135, 1 3 6lt, 

« o r #a-r 4 c i ^ ^: o mm zm? 4 c t u 

<7?**J--$il~? h 1 2 1 iltMMtl' 
4. 

[ 0 0 4 1] wcffiftx.- ? \ 1 2 2ce^'rKW 

4. 9 h 1 2 2 it. ^ > ^tt^P^Sg 1 4 

0. <r>»ttva&&i4 3 a /x^u-n45ft 

50 ^6«Wt«ti-Cl*4. ^>^*^D^.«Sfil4 0 
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10 



15 

t l ib k % e/?e££ 1 3 s ^ > * ma 

13 ffiftfttSi3 2oam««:it^XiHCN 

tnwiBWfenxi**. 137 

£ ttttt? 4ttKI'Cft9 . -C-^KffiSliiSliitL 1 3 8 

*4«wta<vci*4. 

[004 21 4 > 1434*, ftfrDfi* ✓ 

1 4 0 & ftC, <Y > 1 4 1 feSA* 4«*C 

*3b d . ^x.'mai23<t»tt^*/x.'uaaai4 4 
*«w^nrv»* a ^>^i4ii*. B«ba(f^> 

S>7 1. 7 2<Ciiw*H^L<clW>«lt»cctt«$n 
XV 4. 

[ 0 0 4 3 ] C ft6 4 >*fftteP^6£5*5 14 0. «f > 
^gj.Stfffil43, SC5^X,'l/7U-F 14 5k*, § 

4 7KJ:0flT£3nx*s9. £#±LX8BM~* F 1 
2 2**§.'SOX<,>4a 

[0 04 4 ] C®SkB^?t ! 22tm&07 2** 
x-jra^? H 2 1 tt*. <.'UA*>«»«J 
O&gJa 1 4 8 <c J: 0 E|*3nxfc 9 . StUSO&A. .h 
KB 1*1*1/6 6 *«WK/ , Ct*4. 

[ 0 0 4 5 ] ±i2Wt8.^iC £ 0 t fcTx VJ» P E opggft 

^fii 1 3 i , i Z4micmK&tmbxmm&ttm't> 

f = 1/ (2tt) ((Mn+Ms)/(MnxMs)/(C!+Cv) } 

- ( 1 > 

[0 04 8] Sfc, J~zt3*o>?l>?y4T^*&C & x*^o@W«g)J@IIBTm^X35 (2) X'^i*ft4 0 

nir^i, ^>»an«>tttttttfi«aiat-4ur. ^iss [004 9] 

Tm=2* xV { (Mn+Ms) C«i) - (2) 

[ o o 5 o ] a fc, eas*s i 3 s ©g»&v . ^ > r>x c i la&t 1 3 > twan*. 



20 



*8tfifrbU fcxvS^PE 
li. \muxWij#&M\ 3 2<0Sgjk*i£*:?4. 
£££ 1 3 2 MB*? & t . E^&££ 1 3 2 fi©EE^ 
ltf£TOX£iI<ZH > 1 4 1 1»hEj}&££ l 3 2 

rtK<f>»2fWfeAT4, fc?x'/x?pEtcm£tittr? 

4<L. EM^13 2^fili*Jvl, E^fttfil 

3 si^sAsvtPviiitciffbrsftes^tti 3 2rt<£ 

^ > ✓ Nzl:^ "C^WKttHJ 8 ft 4. C 

*r>*iSj plateaus ft*. 
[0 04 6] &c*x\ cwmicftf&ztitc-iyin* 

* / hS»m(0ffft^ v K 2 8 X'li. *>X,'U N 2 K£4 
a* 4 > f ti. E^JMfeS l 3 2 fl>E*c>£ 

x«iinKritnwi'fliiK>fifirc*«. cft£@?r 
2©»accj:oa#u:ti;*^jUA^^fii:iip«n 

<HWT c ) X'*>4. C<Qf£})&£& 1 3 2CC"s.'l^ 
**/tft&H8Kf ti, E /j^g 1 3 24>4>*0>E 
UtttcSBHf 4S#2>:^7>a*C i , £td£t) 

mM 1 3 2 *»aai,xo4s 1 ©*s»* 1 3 o *trx 

*/m+P E ^Hf4 i #K A 4Bli* 3 >7^7>X& 
Cv. sXjURDi2 30<f*'--*>x*Mn. 
iRttDl 37©^-$oa&Ms<LT4<i, 3t* 

( 1 > -cftiin*. 

[ 0 0 4 7] 



C i=V/pc < 
[ 0 0 5 2 ] fcfc, ff^ftftfi 1 3 2(Cm^^zfv A 
70 *C vli. EAA^fi 1 3 2 ec*fiEA«PJl]l,fc 
±*©E*#fe4* 1 3 20Mtt£V*K-8tr4* 

[ 0 0 5 3 ] fcrxV*FP E<DfttiH>f*^cc J: 0 

Ci#l x 1 o-"m*N"\ ilji2>^^r>^C v 
AM. Sxio ^m^N V ^t-5f>XMn^2xi 
0° k trnr\ ^f-^>AMs;^i x i o° kgm 'O 
i^CD^JU^AA^tfiHififc f It 1 2 5kHz *C*> 

0. -eojaisTcii8ii5i<f&. 



mft?* [oo5i] 



(3) 



[ 0 0 5 4 ] P. Tv'h K hCTKfl»PW8 : - ^gfi^O 
7 'J > 4? 2 2 <C ffl^ 6n^c &&4 8S<Ds X)l N z It, 

40 fBl'-C&Olia 4 2 flHRO K ^ h «r^fi£^ 4 C t»X '& 

i>. cowmic^ximrzo m9&, <f>»MUH 

8n4^^X^NzC9l6S&SS^<tlctai3n4-Y>^ ! 

p io«aff*«^tfjjcftUft:a«ar*4. B9^ jbc* 
?Sffrc*>4 0 Slid 2cc*>i»r— s. -?^^x©«E* 

fx VS^F P E Kepftjf * i , ffi^ft 4fi 1 3 2 GC'SS 
^rig^cr himiz tV. v ST P E aWJIW 4 fctf> . IS 9 

50 SES)iS^«rJi^. &fe1<J2i^rj:^^v^^x«E'S: 
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A iC tt^ Tt:* < rt MK^ C^ttB £ 

[ o o 5 5 ] fx p e teen cjt * -7 ^ *■ * coma. 

<J><^>i*m%c J: >' xa * *4>EftW&&®i*. -X 
Z>. EA£££l3 20«fS#fc*T*iS£, *©*ffc 

2<£^fsosg*ia+t^ ^ i*z\mm<c><{ > 1 4 1 

£S 1 3 2 08ffo£{bKA«c£l; * £ , 

4 1 -f > *om&t*. ■/ > I 3 7 efc »J M 

l 3 2w®&n&\ttcM)SMZ%lit>cLl£tt 

fx P E KEPhJT &^OXfb*tK>4>&& 

* (B9W1M) KI*.>iAaJUMl»U:'J*3<, 
ep^*Eo;Sffc#ftMttJi£ <B9ftM«flR) >• 
x* ftXOftftttfc* < £ *Oli, > *$*SO 

[ o o 5 e ] > ~AfiAmmutctt&frt>> ac«r, e 

xVj^PE-scflrtiMBEtjEtt:* *£ <Efe1d3> > 

£ft£ 0 CO£*, > , ^^*A^*)SOrtfiiJtC'SC^ 
I'tttitfi (ttBA) Ji>f>i*ttSB^«fc««ir 

c (CSW C £ < 'I *<* U A > s n *> 0 

[ 0 0 5 7] ahCntUfcBQ , 
(BBdi. d2)Qift$^l/C. F?ta*£ft 30 
St^Ci^C^i, U**U WfcO^XJlNzMU 
fc^V^^XW. K ; heKIUMnoiftStJia&lf 
&&liW&fTfr5C£l* 1 ■ArBftKA&a *CC, 

£C£X\ 3fc'J*K* t*][$aL#-Cl'&, C05%fc-?l' 

[0 05 8] e . ex vm+mmmtnmmsi 

Ifeffl'Ct*, 8Ntae£ K? h»£OBOCOJ:$JMIIft 

unt^t*r, k? hso'hswhK? h«flitr*fc» 40 

OBMHtS £ . I- SO A3 ft* K ? h kWttiSLT h fc 
«HSC-|6tt56©©2Sa*ffiSbri^ <mi IMS) o 
BBflKtOftr'K J: &A']*04 > ^BOftfcOB^CM 
I-***, BIM40£J!lOinK^tt&* *. 

[ 0 0 59] st, 01 1 tc*Lrtcmto>mmnn$:£. 
it. ^xyx^iBWiti&0(cj:«£asn& 9 @i2 

I*. COexv r $*SgttSlfe5 0OftgM#$£*T7'D 
?*H"C'*>£. B7nf£J:5tc, Coex*/X?mB 

Bsoortawca, «aiHK4 0^©M«rartBi-? so 
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rettf 'J 5i, c o>' * y 5 1 corts^is^a 

l/C-ISWC|BI* , r65 9*5 2, C05?*5 20SS 
£ fUfer & 4> 5 -r><0? ? * 5 4 OC'Htfj £ *f»£? * 
UIWB5 3, ***5 4©Htt*T*aj^-*KjH* 
f *D/A3:fcS5 6, *fcSftfc7*D?ff#£ex 
P E!igSffiO®BE«iill£ t^-r««KEWM5 

»tcj: ♦J2xS$ni> < t*xy*^|B*B!»5 0«, 
#1. 2, 3. r-^(f^. 7 KL<;im0ttl»b3fe 
[ 0 0 6 0 ] B 1 3 ti, ±ai/fe fc'x </X?gBABg5 

> □ ^ 1 cennox . ex v r *^sBflBB8 5 0 ^ 

> * x ) 5 1 tCtti/j$ tt£. 1 tT5f h 

Hl4CC^T^^tC, j?D; J?{f^ l&R 

IBfl^ £ * 4 v 'J 7 JUiSK: J: #J , f '- * & ^ D K *J ^ 

^tta^ft^-ctr^. p*>. HBBB4 0^i»nea>x 

a>^-4P&tt*r*7 Kb^tr^a 9 ^^2^Bffll/ 
TT7 FUXOTO 3 £L/rffi^-r* 0 **'J5 1 
tt. CO » a 9 ^1^2 tftt $n^c » ^ ^ > ^C7 K 

OC^^iAt^o 7 KUAS^aO<rC»(/3CE>4 e? hO(f 

ialST* C £ ^X' ^ 4 B a 4a, r - * <ES_b{£0C' tr ? h 
li. IW£L/-CBC*^nxt»&o 
[0 0 6 1 ] S7 Y U^A, B. ■ • 

^L3tcffi^Stii£ % *1W!»D^«2<^:0, 
C©7 K UAB(C*lSl*te^iU- 1 CC-^ * 

5 2 ICJ: 9 mstiZa C <Qimv. » a 9 
3^iti^Sn^£, ^2CC-^ j*5 4©ttS^CCSl<3>^ 
•^5 2 OUJ/}^lJIi» $ ftfclfttf , B 2(0^ ? ^ 5 4 6C 

^fl#«:»ii5L^»i,-u-^3gK3n*£. «c> 

ZOZtl-l'-t-KU'iXim?** 7FUX 
EAV 1 fl£W«E*Jt#rr*C £tC«itOA:fl£^-7t: 
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[0062]@13 KSUfctfCl*. 7 K LxAAKI*. 

7 KL/AA**ff9i£tt&&. «ftfi^cr>$&l*. 

u A CCC tt, AT £fc ^E £ A V 2 «»«T 

[ 0 0 6 3] ±i*a,fc^£KJ: "MUSS 4 0*»6T K 

eflwfficcte^, ^skwii jwxtmzxk 

A£;fcM&S3*VU*&, *l'<JlAtt % -t-0SEft# 
*H*fiVmi^A*-h U { T 1 1 ) , SASfiV P 
*-C-*G>S3iB'C±#(y < T I 2 ) . &7-M(&V P«fr 
«BfBKW«4T& <T 1 3) o ««C. »l^^t» 
1 OftttJKtt V L S £ r-£4>£JE'CTK 1/ (T 1 

4> . Mw&vLS«snmH^a^$r« m 
5) . ^i.^^^^sgi^ stfc«avps 
r—7E«>25areHt>'±ffu <t i 6 > . arftf&vp* 

9r«B4ra«waB»f * (T 1 7 ) o Ml 

wiwttvoisr-tcE/iwvTBr* <r i 8> . 

[0 06 4] CCX\ SS^aTI 2*ex*/flHFP 
E<CEfttBSn-Si % tV-VS^P Ei*EAft*« 1 3 2 

ccEE&&±<*tf& 0 -eciim, -rfi^*Att^xjm 

Ql 2 3*&S9±tf&. *«Md,ATl 2<&St4fi# 

«ct:-r>^a«:ttHli$-ii*ci*>pltt-c*^. *S*fe 
«c*ii*ri**fi^ouxT i 2tcc-f >**wtHH*ft 

**tt«tcfec^cl*Kcc. *«MjUat1 2©£SH#fe1 

it. > ~ a a a aw >i, ymmjc o>&tb*m& u 
w^ttCTc eih©«siB < c ©Sttpixi* T c £*ff 

[0 06 5] *«MjUAT 1 2rS0J:#-?fc>~A* 

i?©*H«AK:«fc*iJBttiTm«>fifrC^XjHBP 1 2 3 

rt^<t»*ft#<cisr&. s«jouat 1 4^prwf ^ 

cc^cb^, Eft££ttl 3 2rt(C*E3N±0*, c©^ 
EKcfc&yA^fHiP! 2 3R^©>~A*A<ES&* 

li. ±sa<oja£9Tin«>iiaKsa$n'c, ^-aaai* 
✓x*Diiini2 3fl>rt««:*«<?i*iian*. c<a* 

y^A*A#./X*IEI 1 2 3®rtttKM4»^* 



11) ffH¥ 11-20165 

20 

JUHDi 2 3©l*i*WC*#<?l8i4ttCi*X > **. * 
mfifflrii, *-jU K'WAT i 3<DWffintTm<0 

[0 06 6] >xA*AOT|ftjM^*dtt*6M'< 
.'UAT 1 6#epih]3n6&EAft£2 1 3 2CCiEE^S 
^UT> , ^A3bA^./X^n 1 2 3*&«0±#4. 

-rfiAfcAfcyXJWPl 2 3«»WK*g 

h. KUi]dti«^>»aK*atJhft^>»afetc^£s«c 

fM^JbAT 1 8ti, ftS^UAT 1 4 SO' 
aBftKdiAT 1 6l?ftjfi3n&>^A*Aflr>a^fitt<: 

hp*. *fcWErtw^ou a-c*»j , jiXST c o>®m\m& 

s X>mU 1 2 3©fflP<Crt3^^ ^? A X > 9X» ~Zi7 
X* sXtlWD 1 2 3<0PJE^tiaib^4ft&^AT 

7 (/fcftCO^ - A*7 A©«at* % tfcttKMhd 64>CE)CCM 

20 [0 06 7] 3WC, 02^*AKl^^awr&. B2 
^Ol/Ati, HP^ACC^I^ttt^r+IMaVffl^iSA 
*- (T 1 9) o «2«>««*i4VLL* 1 C-t 
O^Kr-TP*U <T2 1 > . Sfi£^(4VLL«:^#fe1 
HiHEtx?* (T22) . CO»2^*^Afl>St£»ilV 
LLk*Sri^A©»ft«14VLSJ:0«>«C^ 
r. ^2 /0UA«MEttttt^«av P^r—TE^rjae 

?Z <T2 4) . »2MiU^t*4i|as(4Vin3J 
•C-*a)^E-CTP*r* (T25) . 
30 [ 0 0 6 8] fcHMiUAT 2 ! «r£P.tH-r* <t , h«j^J: 
^^EAlfeSS 1 3 2^.tE*^U C->f^A*A{±y 
Xfrffil 1 2 3flC'rt*K?|*ii*n*. (fll/, M'Ot 
AT 2 l^fiM^:, ^l^UAWM^OlAT 1 4© 

r>^A*7A$V A'.'UfclP 1 2 3 ©ft * < ? I * j& 
*fi^Ci^V»J:^A^-^-h&ig^i/rc^o 
[0 0 6 9] *«^JUAT 23ifitm2ftZ>li±n&& 
mi 3 2tdiEE^*l/C>^A^A^yA'JHgpl 2 
34>6*4JbP£ 0 C©i#, >^A*A*VA^P 

40 1 2 30A«K«ni»«i«j&sntti>Wi < c. ee^ 
rsicE^isnbo^r^c^ tt«stii^>^iBifli 

l^ACClfc^ < C^0«rY>»M£4c«. ft*. *2.»< 
JUA0C«j 1 *<O»«M.iUAT2 5t*, fc»OlAT2 IS 
WM/MAT 2 3 rfttasnA:^- A^AO)H*filfc 
tWilAfcabCDlW^OUA-C**), aX8T ci^BffiStt 
(C * D J ~ A * y X^MP l 2 3 ©itJP*l$Klfi1 A> 

[ 0 0 7 0 ] 9 1 'WA*W2 maa £ftaWOt:flHR 

50 fe?"?n&C££te&/». ~^©^>^ti, ffittLb© 
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CifcJ:*?, fc&zcSfrK* ^M^& Hi ice 

*S & Y > I P m<DMfmmt. 'hi? <f > ! 
mmuthc LiPh* * + y ? t>3 1 ^r^TEg^raicc 

*£«^>*«CMiaj*-f **»J *i>3 1 

[ 0 0 7 1] F. > > ^ < Ajb^q>fifta:S2^JU^g'»^ 

xk m& i, fc > * Brat U & » 2 tcftfc u fc 4 
> * B*«ja u fc«£fl> ^ > * fisoDtsaw, * nen 

<tt<SJ:^ 1 >-A*x©«ft«:*MtLr, Bl, M2 

IUIT&. Bl 61*, ^ttM(Cfctt«'<jti*BK£ I 
zm®mrbtc*)<Q-4 > *«SS£<&Bft&*t18WHV 

tT. ^>*M£i*, «tt?5nff«to0feCfc#M*. 

2©4>*B*l|tourc»*C4lCJ:0»6ft'Cl,»4 D 

cc*iT4* H * >*ma (*fef?8r'ii2 0 n ff ) 
4>ft*l*l£*fiD. HmW:BKI r ? ha©pIS35H*:i! 

tcc£<r-*fcc<Lic:vvco4o jutntcit, 

i iraMMr* $ > *c<t>4gr2;*.'ux 

<P*«jOUAT2 1 fl>l&d£4)lvn#. fftjfrr^ r (S 

x**BWiS»«»Tui©l/'8) J &tt4J:9«:*- 
.'H^.'UAT 1 9WSlH*BI*t/r<r^ D 
[00723 017. 01 81*, Si XMNtctett4 



12) WH¥ 11-20165 

22 

Siiia, «iiW5»H*fti/*c^4. B4>4>fiM?7 o 7 1* 

✓ XjWP 1 2 30MPB&nU /XWBPB7 0 7 
4>T;ft»</X*BP 1 2 3©rt«cc«^0'C^&. Sfc 
H*«*t*7 0 8^^X«X<Mttt€mi#rir»« D I' 
fc*-»r, B4>CM7O8QlM0Bft (»»B) 

ttiusnfca&Ki*, ^ >y«:*h&ofcB«7 

0 8;0*«d©Br-ife-?T:lieHJ: 0 ±^cc^r^—o 
[0073] H17«, BUOlA««ttu:6llliat/ft& 

t?. ^ > 5? > ^ ^ ^ ^ ^ ^ »a u -c a* > ^ s i 

«9twiffif^, >^A^7^^yX;ir^D®7 
0 7J;*)5l*ii*nfe«BAto4. -i, ll^i^^nfe 

7 0 7 (CA^o-CKONrft. USI7 0 1 0B|°:cvXjI 
■DiB7 0 7«:*r*. CCCMlcr>^>^jfttHU<D^ 
20 ^ s > ^SttM 7 0 1* waiftBB^ i" ^ 1 <OA > 

-rf i^*Att*/XjUBPB7 0 7«rla^, 

4. ^>^;*^/^3Pi7 0 7ccSAKSiJ* 

7 0 9 <tr4<L. 8##J7 0 1 i»P>m\7 0 9 *'C<&git 
■SB^-rf ^ X* ^OfflW^aUffiT 1 /2'C* 
4. a*SI7 0 3« % Bl©^>^SStttt»>^^*ASt 
tuzmyv X'*> 0 , Bft*J 7 0 1 *6 KB 7 
0 3 tiC«j&B$Bk*^ - A * x<Ofl WB0BIS T m 1 
30 /4 o c K SI 7 0 2 tit. y X^BP 1 2 3 5**^ 
A*^pfiA*^*Et^«7cdftA»S07O 1 iliJIE 
B##J 7 0 3 (OtittMiBOMBX 1 ^ 0 . «» 7 0 1 
SU7 0 2 ^eflKB(i>* ~ ^^X(OB^tittjiWTffl^ 
^l/8cc^U^o B#SJ7 1 01*, MM7O3&M0V 
$«7 0 9O(»244n«[>ivM-C^0. 6*^17 0 i frwm 
7 1 0CDgi&B*raii>^^ *X0>@^tiJfii)SIST m0)2) 

[ 0 0 7 4] «KB 1 MJ|,^cc5l*Bc*r»2^*A* 

epjiiii/fci«©^>^aacc'«ttPaA*Bi 8*#wo 
40 ooBH!f« a 2(c^lft«*Ck*, Bi 8^ftirfeJ:9(c, 
m\ 702W^>^r EA»4« «K« $ € AB 1 

^BMr«j:5(c v anui^sei/xi'A. c«#»i 

7 0 2tC4$WA>^X^7^C^(i. >^A*^S5(4ji 
ltt»J:^^^*ASi4*^»m*>-/XjUBP 1 2 3?f 
A*£fc-TVAfc*C> % B2^0UA©W<^^T2 1 
tCAD^£A»x*^X^BPl 23Mi(C9l»a«>^ 

<t t mm \ttm s n, > ^ x ^ xcc-^(i 7 0 8 031 * 

iL*aii<5S3 C©«SS, *B^JlXT2 3<^6P 

50 Dikcj:*j, ^ix^xSgjcc-e-^? 0 5^j6<«to, 
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Ml 8CCfcl^CB*Tr^7 0 61*, 

[ o o 7 5 ] @i 9 tc, rtkz<QW i im<cm& 

1 a. m2 >t>\,x<j>m i it ^o>mt&$ a x > vzmw 

m 1 H4QBINI Z 4 a > ^£H#£iJ 7 0 2 f«tt± Ufe* * 
S*iiS2 0 n g tU »J , £2 1 M®Rlfr9 
-f * > jWtttt h cc 1/ fc*t or, » l / <w x± * 2 j tju 
A«:*'*S«<C«:lflt/fct*<0^>^ttaa (5+10 
= ) ISnfffcBaortK. *C. IR2/<jUX0*i 

<^fPte«#ST*. Ctti*. >^X*^/Xjmp ! 

2 3|MtC3l<^*ftfcttA'C 1 KKS2©!iB»^A 
CE>fc«MjU^T2 lCCJO^AftxesXibRIDl 2 

6. S10^>^H£ffi«:^^^>^<L, ® 2 

8> £4H<r6C£sMSU'C&#9ft>« a BPfe, 

us ,^u*a>si i B«DHtt» 4 * > y&mv 0 1 a> 

[ o 0 7 6] g. mmm r oQ0&$m: v±&®urc 
m i mfaMvti . ex p e unlaw &K*m^- 

ii. »HSS4 0«M>&©tS4*K*^T D/A.*M§ 

ii. 02 0 KSS1iaR5 0 ACCJ: OJWW £C£fceJtf! 
T'^^o ^4««BH5i)A©l»fi£«)-««:. @2 0 
rcg^raWrf*. CttjUMBBSOAli. ^*F2 
8©&yX.'UC*tj£0i:^^ t Ul>^#2 5 3 A-2 5 
3N. 5 ? ^S J F2 5 4A'^2 5 4N. ['Dli.'V$2 
55A-255N, ? 2 5 6 A-2 5 6N, 
fxVS^25 7A-2 5 7N^^>m^nrc^ 0 60 
^F-*!*, (10), ( 1 1 > 5?«>$B<, ftVX'U» 

h * 2 5 3 A «~ 2 5 3 NK A^i*n*. 
[ 0 0 7 7 ] B|l*>, GsXA,M>±tiL tr ? h t'^-Sb' ? 



13) tfH? 11-20165 

24 

h2©i r -**i'7 ^ 1^;a*2 5 3A-2 5 3NK*' 
U7*£&$tlfefi, CCi/X.Wb'-; h2<Dr- 
* 2 5 4 A 2 5 4 J: -j f ? * 9 $n 

5 3N(C^U7MeSSft«« 

[0078] ^ur, WLartayzjy *-£Lxm 

m n^SA ^ ? **^2 5 6 A - 2 5 6 N CCf3Sfc-c> b' 
v h^-** r l j fl>«£tt, S^ttff^ (COM) ^b* 
10 x«/JfHF2 5 7A^2 5?N(CiL«la3jhlSn, Sfxy 
*^ 2 5 7 A - 2 5 7 NttKMMf ^(t^sfi^ltor 
KfST^o &A^^?g^2 5 6A-2 5 6Ncc: 
ftQb-Sb h^-^^ roj ^*S^i*. SexV|^2 

5 7 A- 2 5 7 N^OSgail^ttaKStt, #tTX!/K 
: f257A-257N \mm<omm^ fS#f -2>. 

[0079] CODHKSOA-Cfc, «SWf^ (COM) 
i« 1 A & Rtt t ® 1 O t te -5 'C 4d 0 . 
*1 ^Jl*A*AOTi2M*^ccj:*J. '|v$rjr^>^<t 

20 [0 08 0] SlM-UAi*. HAIWi&n e^hSlW 
hSWfSn^o *2^^XU t BliCftl/fcW'C 

it. sccnranp<jux(c9iettKMRsn. ^fecc 

M2^xmfllRSn&Citt«r<rS h«EH 
»1. »2H^M«Kt/*CS«3tl«Ci 
t?. piRIi^ (5-»-15 = ) 2 0ng<C-7:*v^>^ia 

30 [ 0 0 8 1 ] RBMMCCHUTI*, ^' ^ ^ 

6 (mm&2 ) . t: K h (Pt5*Hfg3 > 

©3 ^ - >'Ci28i!te±icgasi k * h *»(tr 3 

* ( 0 0 ) , (01), (1 0 > 4>£ 9CC2 b'.^ hr- 

[0082] 'l»8lW»aw>»*ltHir**K9 KO 
ttM24M£(*. a^ -? f^rh2 5 6 tcMl/ C . »1 

40 ft^nuroj ^Qjarna u/^A^tAv 1 

3Ri L 25 7«l«ISf«Ct#'C**. -5**), P§iS2^ 
^r2b';- ho^-* (0 1 ) *2tTv hr-* ( 1 
0) iCSsIR (Fra-F) r^C<bcc^;0, Si^Aa© 
fx 2 5 7 tCEUMl* ^> C i tft 1 S , 'I* P ^ h 

o>m Dsn 2 c t ^r- * 

[ 0 0 8 3] BIHC, r 3 - F Shfc 2 b ' h r- 5? 

< 1 1) «rX^ >*^2 5 6cc#^nt^ »l-f<JUX 
BtfW2'OU^#exy«* 2 5 7(CE(WJ0$n. cnoc 
J; o !2&«±a: 'I * 2 ft® > > w> w r«p u , ft 
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ftc iff K ? h C2RSHt ! 0«&1£, 2 b ? h r- 5? ( 0 

[0 08 4] sat-? hoen*^-**^^ ?^SR^-2 

5 6«(C^iL«JUMMIMW:^-C. MET 4. «T, 
7 t 4 4Ctcii. Mffl!B4 6CCJ: »J F 
3ftfc2 t? FflDBJ**"- 5? ( D I , D2 ) *Bttsn 
XV4 0 CCC. D 1 liS 1 'Wx©«M». 02 It 10 
m ^XOSSiEfi^'C^. C<D2f v KBSI*^- 

OfcX4 7?*?2 5 6K5A<E>n4. AttftKfi*, IS 
ft** » F 2 8 CD ^X','H&& nfi£ U. Wfe&iSfaK&h 

ftB^few* i as<oyxjw>en*^'-^* <d i i , 

D2 1 > , 2i|Q/A^^P?f-^«: (D 1 2. D 
22>©J: J >K$*><./fc«£, ^7 h Ufa* 2 5 3CC 

it. i/x.'U^ia^ i mjuxmrmd 1 ©r- 

4? <D! 1, D12, Dl 3, - - - Din) #>a? 

y X*CMl »X <om 2 1 XjttRM D 2 <7>r - * < D 
2 1. D2 2. D2 3. . . . D2n> **. -iaSMffi 
rttf? h Ut>X^2 5 3{Ct^$tl4. C£>&^£, 
Kill lOgffi^^Ut^^fcc 
[ 0 0 8 5 ] H 1 1 CCnbfcJ: ^cc. Bfl±*4B*'t 

x s 4 * * > y»wc . ^a^ft; X * 

SHRT4£P*7 r -**S'3 h UVX>2 5 3«C(Eai/T 
*K. *l/C. B«tr4^.'UXfl>^c|S]iB3tf-C, 

h I't'X » 2 5 3 9 r sn^w*^- * £ 5 ? 
^*-i L 2 5 4fi:BSl/rKttSlt* # 9**SK L 2 5 4 30 
. u^iUf^*255«:j: 9 IE 2 nfc 

x^?^JK-f2 5 6«Al#r % - b'xv^2 5 7tc 

[ 0 0 8 6] L12SMl^^*^^^ft« 

F2 8<MmUA(CI&(> ( C. H 1 M^x<E>-/ >^!jgH±aj 
0>*4S>9t. *2'<*:*0ftlff«0>Hlfr*4 ±> 

?t anise t r 4 Ar* 4. 40 

[0 08 7] 02 lit, *2**W»C4dW47'J>*2 

2<Dfo$m&z*?7a >? tmx-hk. ccojttfflto^ 
U > *2 2 tt. »i|SS4 0 toJ:0'fxv p SET«BBa 

a?eu9i. «st-b>*i 9 4fc£VAD£ftfti 9 

3€:f«x4 0 E«-b>1M 9 4 It, £0*^* F2 8CM 
H©Stt«:«taT4-b>^C*4, C««*-b>*l 9 

l/T««*&eWBl#T^4C±Kft4. CCT>^fg-b> 
tM 9 4T i aS3nfc«R*-$li. AD&MM9 3 50 



«H¥ 11-20165 
26 

^ft^X^At^^Htmtkl 9 l(eK4i&*tl4. 4? 
*f $ > ?*M?ft 1 9 1 -C4*«|[-b>* 1 9 4 **>Afl 

r- frccg^C, * *f s > ?Bft?iR 1 9 
2<cT»Eie*fir^4 r^2 jmxcmi i a*<DHtft 
* -f s > yj ifcftestettiu cneMa@!EK4 qoc 

•fll^8t«BB4 7K:|IJ*T4. nAfll#S«Bn4 7 
It. C<0ftfr*WOi&A/C. ^2 M^XOMlfl^OBII 
ttr» -f w $rfttt«9»ei/. -C-^miS^ i /F 4 9£/r 
or fx v r »^iB8ea5 o tcs^r 4ii^>* y ^ > 

wmbdSKC'*-! 5 >^aSS^4Ct^pJS<LWo 
Ti»4. <rfc. ¥tcSS"fe>^l 9 4 W 

^ > «t ir©»*ftr^-cMWH»4 omvff&m 

«*«T4Cii>Bll6'C*4. 
[0 08 8] H22lt, s!>Z\mutc?*)>$ 
Kte<r>T\ KttflUfc^l5 1 C 1 2 5*C. 4 0X:i^fkO 
&»^>^X*X©ii#«:«nr4Hr-*0. ^lalt 
^iX^7X©«l4, fSiek*SSfe1*jnT. H*ff*9 0 1 
It. 1 5X;cc4art4^^x*x©St(4-c*»i 1 0 
2. 9 0 3I*S^2 5 , C. 40 , CtC^4> , ^X*XQ 

[ 0 0 8 9 ] C > >lt, •e©tt*^a«<C J: *J 

KikTZt 47<D<< > , ««^*< ft4ttir 1 

ttttsMSTf 4ffi**WU-Cl*4. 1 &V(C«»4^^ 
x^x©-S(i9 0 1 It, 2 5'CCC4j^a>'^x^^(?>is: 
(49 0 2 cat^C, ^ >MAdt©jB«{S»ttK:* 
iSjSiO^fcfef 4fctf>, y^x^xmcM9U^»< ft 
♦j. Hu^^>^Htaiit«(^y^x*xc[)^A*.'U 
^*»ccj:4Sill, feJtf^x^XtiDflw&AKJ^ 
S-illkt, Wt^J^^o RcBW«*©tR*JilBTffit*« 
^: »: S < ft 4. i»tc . 4 0 ■CKfctf 4 >' 
^x«xa>£{i9 0 lit. it»«tKVjK^r43rc». 
^•x^xiittcC'SSF^'j^ >^x^x©^a 
x'^fecc ^ 4S<i, 4a J:c>* >* ^ x * x^@^t^tttc 
J: 4ffi*ilt^** < ft4. KcciffiHIfifltOflnT 
mi*SSStela©S4>tc J: D1®< ft 4. 

[0 09 0] C©J:^cc. ^y>#ic»l*4^>>3», 
figic J: •} < «t>4 *>47<D<<s »*CA4* 

^**<affcf 4te«), JIlMJUXCD'/^SIfctflW)* 
!|l2^Jlx©!|ll«*©Hlfc*^5>yt 
©B*FSM«:^*^J:er-«ir4<t. 4>*m<0*A 

»j**<«ir4pi«i#i**. »2^ji*x 

l ff^a>F?S^£ ^ ^ > ^cfew^^^x^xfigfe 
£tf»~A*7X &&i>m tr 4* &*C*4. 

It. @2 2cc^ofcJ:^e<: ^2Mii<x^i jt-9on 
tb*n\s>f*L. 1 5t:^^c*rtt»a9 0 4<c. 25 
"c^M^nt^^J9 0 5«c. 4 0 vfcM^riaiMg 0 

6tf. tc^^^tc, ««igtt«J:o-CplaEt1-4. C 
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2 ^*sa©«ft*H»^#.«r«* & c 

t*J5Ift4** B via, O*flXdWi©0W8KB* 

l/fc^^-JtUTl*. ffl;il2*>*©#&^*3t 
ffi. V*-f 05*f ftWS¥Sfttt ill i fe© 

£#B* Ul*&. fcfflk&t&c £#Bft<r*&fcli, 

ifijE u fe »j «h*# sg*-r a^i-r^ci^Lx* 

«*I2. ■/ > £$ttAfg©4 > > * - MJ 
* , ffl±©&¥&ft*ttffl 

rifted fliU2a>e*-*90**, «iB8i«r/r 
L/-cm« ©it»jfi»i* s> ^ - * bo, c n £ 7 »j 

> * 2 2 tCisST* *>©£ h 
I 0 0 9 2] I. ^3.^a8ffl: ^*gMO»3»fcW 
«c^ir»WT4o B3Xtttt©£PBl»fcJtf:f U > 

*£*©^? FSftttstt. ma»2Mfefla>wcucai 
wwA^zmtifiivzA^yt. b2'<*x©b 

! ffJMMflft* ^ = > 7£©lta2«ti&Bttfca&tC 

l/fc* -7 tTftr HHCC PjSi fiol?* -So 

[0093] B23I2, B22RWC. 

0 *C cLKfb Ofc»&©>* ^ X *7*©Sl &?n?mXib 

[0 09 4] @ 2 3^31^^. C©*tWlT? 
12. «2 *<jUa©» 1 B^CEMHr* A 5 > 15 *C 
ccM»ri4JS*l9 ! 4 K. 2 5 TClc*H»TttlMI9 1 5 
tc. 4 0'Ccctec>ritBS*l9 1 6cc. &l»4J:9Kffift 
m^ft&ccuto^'7rfli4Hcc?lK&L/'CC*«. c© 

r*. ffiku&ic£z>m2J<)i>z<oA > * as«s©Effc 

(2. SffiK^t(C ft £ cc utcW *? Tftr MRltc ojgfci r h c 
fC. »2M^^©IH«6jr^§>^c4a^'C, %\<»A 
>»Mfittft©<>r~AftX4>T c«StoH;««WCC 

[ 0 0 9 5 ] J. »4 308W: ^tC *#^HC[>*4!ftft 

<g©^- * 74fMtftii-r&* 1 £2©<f >» ami 
a© * ^ 4 > y % * ju a a, * ? a&©bhh TciM o 

r*a&rt'&SKl»*irr*. B2 2. 2 3Kfl5ci/ 
fcJ:5ic, Bl ^^UA(CJ:«^d&^>»M0!>Rl:lll4ff 



L5) fflH? 11-20165 

28 

tt* KftlA. T. C 0>mm m X 0 >^ft 9 ElfliOKai ^ ^ 
B2fl>^>i?ac[)tttti©^^5>y*C©^.'UA 
0. W2^Jl^«:j64> , CttU*n6^>>»©BB*?F 
[0096] nk\Z, 024(2, *?-5/>^*ffi^feiI 
io A*A0>flirWri(CJ:6MII|TmCC. +»bJ*Hfi*vp&k 

cc ^ ^jais t c ©fifths ^ nr^ ^tg^^^&o 

H2*rt*r, ^^9 2 li*. Ml^<^AtcJ:i^>^fi 
©Rt«»* 7»©«f 9©^^ A* jU ft Bee J: e 

^922li2EIS©e-^^, ^923 
12. 3l@e©t-i?*, ^9 2 4i24l@e©b*-5? 

*. -enensLrt**. ^cr\ B2maaicj:4^ 

2(S, 3g. - ) turtowni*, B2^*xcc 
S i; ctta $ n ^ ^ > * Jnf ^ c i »v * 

20 mZ>^}lMC&Z4>}$<DW&<Z>ZA$s 
I 0 0 9 7] > ^A^AC"s.^A*^^ftii 

<«*cci/te*-»r, m2<oA>tm<D*±&o>$A$. , > 

tfi. BffiTc©«fttt^6 (^*+ 1/2) f§-s<t^ 
<ft*»*tBRl/'C 1 ttttcc^tbtc ^: 6f > ^ SS©a 

^*A*Jl^ftfittlJ:*B»T eO)B4l«*BL<C. ^ 
2^^A©B 1 fi^O^ ^ 5 > ? id£ZfiW20>A 

40 iCi^Plteift^c 

[ o 0 9 8] u±*JW3©i»< o^cc'«*«ncoi»ra 
b©-CI2«p< . 4WI9a)BII«XKt4E^BBA«:«iC' 
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CLAIMS 



[Claim(s)] 

[Claim 1] By operating the pressure generating component prepared corresponding to each of two or 
more nozzle orifices The 1st driving pulse for being the driving gear of the ink jet recording head which 
makes an ink droplet breathe out from said nozzle orifice, and making the 1st ink droplet breathe out 
from said two or more nozzles, A drive signal generation means to generate the driving signal which 
comes to contain the 2nd driving pulse for making the 2nd bigger ink droplet than said 1st ink droplet 
breathe out from these two or more nozzles, With a driving pulse selection means to choose at least 
one driving pulse in said each driving pulse within 1 record period corresponding to a pre-record pixel, 
and said driving signal containing the this chosen driving pulse When it is going to form a larger dot than 
the component driving means which drives said pressure generating component, and the dot formed of 
the 1st or 2nd ink droplet of an account The driving gear of the ink jet recording head equipped with the 
large dot means forming which chooses said the 1st driving pulse and said 2nd driving pulse into said 1 
record period, and forms a large dot on said record medium by the ink droplet according to both driving 
pulses with said pulse selection means. 

[Claim 2] The pressure generating room which is the driving gear of an ink jet recording head according 
to claim 1, and the volume is reduced according to deformation of this pressure generating component, 
and increases the fluid pressure of ink It is open for free passage and prepares in the ink path to said 
nozzle. Said drive signal generation means While forming as a pulse which has at least the 1st signal as 
for which said 2nd driving pulse expands said pressure generating room, the 2nd signal holding an 
expansion condition, and the 3rd signal which contracts said pressure generating room The time 
difference of the timing of said 1st expulsion of an ink droplet, and the initiation timing of said 1st signal 
of said 2nd driving pulse The driving gear of the ink jet recording head which it is longer than the 
meniscus return time amount TR from said 1st expulsion of an ink droplet, and is defined as time 
amount shorter than TR+3 and Tm / 8 (Tm is a meniscus proper oscillation period). 
[Claim 3] The driving gear of the ink jet recording head equipped with a detection means to be the 
driving gear of an ink jet recording head according to claim 2, and to detect the parameter reflecting the 
description of the ink which participates in extent of the regurgitation of said ink, and the timing 
modification means which carries out adjustable [ of the time difference of the timing of said 1st 
expulsion of an ink droplet, and the initiation timing of said 1st signal ] for the initiation timing of said 1st 
signal based on the parameter detected by this detection means. 

[Claim 4] Said detection means is the driving gear of the ink jet recording head according to claim 3 
which is the sensor which detects the temperature of said ink as said parameter, and carries out 
adjustable [ of the time difference of the timing of said 1st expulsion of an ink droplet, and the initiation 
timing of said 1st signal ] to a long side as the this detected temperature serves as an elevated 
temperature from low temperature. 

[Claim 5] While opening for free passage and establishing the pressure generating room which is the 
driving gear of an ink jet recording head according to claim 1, and the volume is reduced according to 
deformation of this pressure generating component, and increases the fluid pressure of ink in the ink 
path to said nozzle Said drive signal generation means the time difference of the timing of said 1st 



expulsion of an ink droplet and the timing of said 2nd expulsion of an ink droplet The driving gear of the 
ink jet recording head made into the means defined as time amount in consideration of period-of^ , 
vibration Tc by helmholtz resonance of the ink of said pressure generating interior of a room. 
[Claim 6] The driving gear of the ink jet recording head made into the means defined as time amount 
which is the driving gear of an ink jet recording head according to claim 2, and took into consideration 
period-of-vibration Tc according the time difference of the timing of said 1st expulsion of an ink droplet, 
and the timing of said 2nd expulsion of an ink droplet in said drive signal generation means to helmholtz 
resonance of the ink of said pressure generating interior of a room. 

[Claim 7] It is the driving gear of the ink jet recording head made into a means to set as an integral 
multiple of period-of-vibration Tc are the driving gear of an ink jet recording head according to claim 5, 
and according [ said drive signal generation means ] the time difference of the timing of said 1st 
expulsion of an ink droplet, and the timing of said 2nd expulsion of an ink droplet to said helmholtz 
resonance. 

[Claim 8] A detection means to be the driving gear of an ink jet recording head according to claim 5, and 
to detect the parameter which affects extent of the regurgitation of said ink, It is based on the 
parameter detected by this detection means. The time difference of the timing of said 1st expulsion of 
an ink droplet, and the timing of said 2nd expulsion of an ink droplet The driving gear of the ink jet 
recording head equipped with the means which makes adjustable said twice (integer +1/2) period Tc as 
said ink became is easy to be breathed out. 

[Claim 9] By operating the pressure generating component prepared corresponding to each of two or 
more nozzle orifices The 1st driving pulse for being the drive approach of an ink jet recording head of 
making an ink droplet breathing out from said nozzle orifice, and making the 1st ink droplet breathe out 
from said two or more nozzles, The driving signal which comes to contain the 2nd driving pulse for 
making the 2nd bigger ink droplet than said 1st ink droplet breathe out from these two or more nozzles 
is generated. At least one driving pulse in said each driving pulse is chosen within 1 record period 
corresponding to a record pixel. When it is going to form a larger dot than the dot formed of the 1st or 
2nd ink droplet of an account The drive approach of an ink jet recording head of driving said pressure 
generating component with said driving signal which chooses said the 1st driving pulse and said 2nd 
driving pulse into said 1 record period, and contains the this chosen driving pulse. 
[Claim 10] When it is the drive approach of an ink jet recording head according to claim 9 and said 
driving pulse is generated, The 1st signal which expands the pressure generating room which the volume 
is reduced according to deformation of said pressure generating component in said 2nd driving pulse, 
and increases the fluid pressure of ink, While forming as a pulse which has at least the 2nd signal holding 
this expansion condition, and the 3rd signal which contracts said pressure generating room The time 
difference Q f the timing of said 1st expulsion of an ink droplet, and the initiation timing of said 1st signal 
of said 2nd driving pulse The drive approach of the ink jet recording head which it is longer than the 
meniscus return time amount TR from said 1st expulsion of an ink droplet, and is made into time amount 
shorter than TR+3 and Tm / 8 (Tm is a meniscus proper oscillation period). 

[Claim 11] The drive approach of the ink jet recording head which is the drive approach of an ink jet 
recording head according to claim 9, and is defined as time amount in consideration of period-of- 
vibration Tc according the time difference of the timing of said 1st expulsion of an ink droplet, and the 
timing of said 2nd expulsion of an ink droplet to helmholtz resonance of the ink of said pressure 
generating interior of a room in case said driving pulse is generated. 

[Claim 12] By operating the pressure generating component prepared corresponding to each of two or 
more nozzle orifices By the ink droplet which is equipped with the ink jet recording head which makes an 
ink droplet breathe out from said nozzle orifice, and is breathed out from this nozzle A printing data 
input means to be the airline printer which records an image on a record medium, and to input further 
the printing data which constitute an image and which have a gradation value for every pixel, The 1st 
driving pulse for making the 1st ink droplet breathe out from said two or more nozzles, Within a drive 
signal generation means to generate the driving signal which comes to contain the 2nd driving pulse for 



making the 2nd bigger ink droplet than said 1st ink droplet breathe out from these two or more nozzles, 
and 1 record period corresponding to a record pixel [ whether based on the gradation value of said 
inputted printing data, neither of said 1st and 2nd driving pulse is chosen, and the regurgitation of the 
ink droplet is carried out, and ] A driving pulse selection means to determine whether to choose only 
either of said 1st or 2nd driving pulse, or choose said both 1st and 2nd driving pulses, The airline printer 
equipped with the component driving means which drives said pressure generating component with said 
driving signal containing the this selected driving pulse. 

[Claim 13] The pressure generating room which is an airline printer according to claim 12, and the 
volume is reduced according to deformation of this pressure generating component, and increases the 
fluid pressure of ink It is open for free passage and prepares in the ink path to said nozzle. Said drive 
signal generation means While forming as a pulse which has at least the 1st signal as for which said 2nd 
driving pulse expands said pressure generating room, the 2nd signal holding this expansion condition, and 
the 3rd signal which contracts said pressure generating room The time difference of the timing of said 
1st expulsion of an ink droplet, and the initiation timing of said 1st signal of said 2nd driving pulse The 
airline printer which is the means which it is longer than the meniscus return time amount TR from said 
1st expulsion of an ink droplet, and is defined as time amount shorter than TR+3 and Tm / 8 (Tm is a 
meniscus proper oscillation period). 

[Claim 14] While opening for free passage and establishing the pressure generating room which is an 
airline printer according to claim 12, and the volume is reduced according to deformation of this 
pressure generating component, and increases the fluid pressure of ink in the ink path to said nozzle 
The airline printer made into the means defined as time amount in consideration of period-of-vibration 
Tc according the time difference of the timing of said 1st expulsion of an ink droplet, and the timing of 
said 2nd expulsion of an ink droplet in said drive signal generation means to helmholtz resonance of the 
ink of said pressure generating interior of a room. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the driving gear of the ink jet recording head which 
carries out the regurgitation of the ink droplet of magnitude which is different from the same nozzle and 
its approach, and the airline printer using this driving gear further. 
[0002] 

[Description of the Prior Art] An ink jet printer performs two or more multiple-value-ization to the 
image which it is going to print, and is controlling formation of the dot to a record-medium top by each 
nozzle of a recording head based on the signal of turning on and off of the dot obtained as a result of 
multiple-valueHzing. An ink droplet is breathed out from two or more nozzles on a recording head to 
predetermined timing, respectively, and, specifically, it is considering as the configuration which records 
because each of these ink droplets form a dot in the front face of record media, such as the recording 
paper. Fundamentally, by pressurizing a short time and ink extremely at the ink path which results in a 
nozzle, the pressurized ink serves as an ink droplet from a nozzle tip, and it is breathed out by the 
technique of carrying out the regurgitation of the ink. **************, such as a method which 
generates a pressure by difference of the generating mechanism of the pressure applied to ink using an 
electrostriction component, and a method with generating of the air bubbles by heating which is and 
applies a pressure. Even if it adopted which mechanism, middle gradation was unrecordable, if it was 
very difficult to control continuously and freely the ink weight of the ink droplet which does not carry 
out whether the regurgitation of the ink droplet is carried out, or [ that is, ] does not pass to perform 
on-off control of a dot, but is breathed out by the ink jet method which carries out the regurgitation of 
the ink from a nozzle tip and remained as it is. 

[0003] Then, conventionally, in order to express middle gradation, technique, such as area gradation, a 
dither method, and an error diffusion method, is proposed. If record of the middle gradation by area 
gradation is taken for an example, record of middle gradation will be realized by expressing one pixel by 
two or more dots of 4x4 and 8x8 grade. A shade can be expressed with 16 gradation (it is 17 gradation 
when all whites are included) if one pixel is expressed by the dot matrix of 4x4. If the resolution of a 
pixel is raised, a gradation expression can be performed more densely. However, if gradation is raised 
without changing the diameter of a record dot, substantial resolution will fall. Moreover, when the 
diameter of a record dot in the record paper is large, the graininess of a low concentration field comes 
to be conspicuous. Therefore, it is necessary to make small the diameter of a dot which lessens weight 
of an ink droplet and records it. 

[0004] in order to make the diameter of a dot small, it is said that it makes it contract once it expands 
the volume of the pressure generating room the ink path was connected [ pressure / JP,55-17589,A ], 
for example as a technique which carries out the regurgitation of the ink droplet with small ink weight as 
indicated — being the so-called — "— lengthening — striking — " — what is performed is known. In 
order that the ink apical surface (meniscus) in a nozzle may retreat by once enlarging the volume of a 
pressure generating room, the ink droplet which carries out the regurgitation from a nozzle at the time 
of pressurization becomes small, and it becomes possible to make the diameter of a record dot small. 



[0005] Although the graininess in a low concentration field cannot be conspicuous and record quality 
can be raised if the diameter of a record dot becomes small, a recording rate falls sharply. For example, 
when using only the dot of the minor diameter made into the abbreviation one half of the usual diameter 
of a record dot, 4 times [ at the time of using the usual diameter of a record dot ] as many chart lasting 
time as this is required. Neither is easy although what is necessary is to raise the drive frequency which 
carries out the regurgitation of the ink droplet 4 times, or just to increase the number of nozzles 4 times, 
in order to prevent the fall of a recording rate. 

[0006] Then, the technique which is made to breathe out the ink droplet of weight which is different 
from the same nozzle, and enables gradation record is also proposed (for example, U.S. Pat. No. 
5,285,215 specification). With this technique, before acting as two or more shot student of the very small 
ink droplet and reaching the target in the record paper by generating two or more same pulse signals in 
one record period, the very small ink droplet of these plurality tends to be made to coalesce, and it is 
going to generate the big ink droplet. 
[0007] 

[Problem(s) to be Solved by the Invention] According to the technique given [ said ] in an official report, 
it is possible to control the regurgitation of a very small ink droplet and the regurgitation of the big ink 
droplet in which two or more ink droplets coalesced, but in order to make two or more ink droplets with 
the almost same magnitude coalesce certainly before recording paper impact, many conditions, such as 
relation between the distance from a nozzle tip to the recording paper, or the regurgitation rate of an ink 
droplet and the passing speed of a head, must be fulfilled. Similarly, the adjustable range of the diameter 
of a record dot also had the problem of being narrow. 

[0008] This invention is made for the purpose of solving the starting problem, and offers the driving gear 
of the ink jet recording head which can make large further the adjustable range of the diameter of a 
record dot, its approach, and the airline printer using the driving gear of this recording head. 
[0009] 

[The means for solving a technical problem, and its operation and effectiveness] The next configuration 
was used for this invention in order to solve a part of such a problem [ at least ]. Namely, the driving 
gear of the ink jet recording head of this invention By operating the pressure generating component 
prepared corresponding to each of two or more nozzle orifices The 1st driving pulse for being the driving 
gear of the ink jet recording head which makes an ink droplet breathe out from said nozzle orifice, and 
making the 1st ink droplet breathe out from said two or more nozzles, A drive signal generation means 
to generate the driving signal which comes to contain the 2nd driving pulse for making the 2nd bigger ink 
droplet than said 1st ink droplet breathe out from these two or more nozzles, With a driving pulse 
selection means to choose at least one driving pulse in said each driving pulse within 1 record period 
corresponding to a record pixel, and said driving signal containing the this chosen driving pulse When it is 
going to form a larger dot than the component driving means which drives said pressure generating 
component, and the dot formed of the 1st or 2nd ink droplet of an account With said pulse selection 
means, said the 1st driving pulse and said 2nd driving pulse are chosen into said 1 record period, and it 
is making into the summary to have had the large dot means forming which forms a large dot on said 
record medium by the ink droplet according to both driving pulses. 

[0010] Invention of the drive approach of the recording head corresponding to the driving gear of this 
recording head By operating the pressure generating component prepared corresponding to each of two 
or more nozzle orifices The 1st driving pulse for being the drive approach of an ink jet recording head of 
making an ink droplet breathing out from said nozzle orifice, and making the 1st ink droplet breathe out 
from said two or more nozzles, The driving signal which comes to contain the 2nd driving pulse for 
making the 2nd bigger ink droplet than said 1st ink droplet breathe out from these two or more nozzles 
is generated. At least one driving pulse in said each driving pulse is chosen within 1 record period 
corresponding to a record pixel. When it is going to form a larger dot than the dot formed of the 1st or 
2nd ink droplet of an account It is making to drive said pressure generating component into the 
summary with said driving signal which chooses said the 1st driving pulse and said 2nd driving pulse into 



said 1 record period, and contains the this chosen driving pulse. 

[0011] According to the driving gear and the drive approach of this ink jet recording head, at least one 
driving pulse in each driving pulse corresponding to the 1st and 2nd ink droplet from which magnitude 
differs is chosen within 1 record period, and a pressure generating component is driven with the driving 
signal containing this driving pulse. Therefore, the dot by the 1st ink droplet formed corresponding to the 
1st driving pulse, The dot by the 2nd ink droplet formed corresponding to the 2nd driving pulse, By being 
able to form the dot by the 1st and 2nd ink droplets formed corresponding to both of the 1st and 2nd 
driving pulses, and using two of dots of this at least Multiple-value-ization beyond the formation of 3 of 
forming bigger dot than this values which does not form a dot and which forms a small dot can be 
performed. 

[0012] Moreover, by the driving gear and the drive approach of this ink jet recording head, the pressure 
generating room which the volume is reduced according to deformation of a pressure generating 
component, and increases the fluid pressure of ink is opened for free passage and established in the ink 
path to said nozzle, and it is possible to define another side and a driving signal as follows, and to 
control them. While forming one as a pulse which has at least the 1st signal as for which the 2nd driving 
pulse expands said pressure generating room, the 2nd signal holding an expansion condition, and the 3rd 
signal which contracts said pressure generating room The time difference of the timing of said 1st 
expulsion of an ink droplet, and the initiation timing of said 1st signal of said 2nd driving pulse It is longer 
than the meniscus return time amount TR from said 1st expulsion of an ink droplet, and is the 
configuration defined as time amount shorter than TR+3 and Tm / 8 (Tm is a meniscus proper 
oscillation period). By adopting this configuration, it becomes easy using a motion of the ink by the 
meniscus return from the 1st expulsion of an ink droplet to carry out the 2nd ink droplet as a big ink 
droplet. 

[0013] In this case, the regurgitation of ink is carried out and easy is influenced according to various 
descriptions of ink. For example, if the viscosity of ink becomes high, it becomes that it is hard to be 
breathed out, and even if it gives the same driving signal, it will be thought that an ink droplet becomes 
small. Since it is influenced with the temperature of the ink to which the regurgitation of ink is carried 
out and easy indicates strong correlation to be the viscosity of ink, or viscosity, if the timing of the 1st 
signal of the 2nd driving pulse is defined to the always same timing, the case where the magnitude of an 
ink droplet turns into non-wanting magnitude according to the viscosity of ink can be considered. Then, 
some rose meter (for example, ink temperature etc.) reflecting the viscosity of ink or this is detected, 
and it is also suitable to carry out adjustable [ of the time difference of the timing of said 1st expulsion 
of an ink droplet and the initiation timing of said 1st signal ] for the initiation timing of said 1st signal 
based on the this detected parameter. 

[0014] It is also suitable to carry out adjustable [ of the time difference of the timing of the 1st 
expulsion of an ink droplet and the initiation timing of the 1st signal of the 2nd driving pulse ] to a long 
side in usual ink, as said detected temperature serves as an elevated temperature from low temperature 
since the viscosity becomes so low that temperature becomes high. In this case, magnitude of the 2nd 
ink droplet cannot be depended on ink temperature, but can be kept comparable. 

[0015] Vibration by the helmholtz resonance expected for the above-mentioned configuration to take 
into consideration a big motion of the ink that a meniscus vibrates with the vibration frequency of a 
proper after returning to the original location once the interface (meniscus) at the tip of ink retreats 
greatly when the 1st ink droplet is breathed out, but to depend for it on the rigidity of an ink path or a 
pressure generating room or a configuration if a motion of ink is observed in a detail exists. Therefore, it 
is also effective to generate a driving signal in consideration of the period of vibration by this helmholtz 
resonance. Also in this case, it will set as time amount which opened for free passage and established 
the pressure generating room which the volume is reduced according to deformation of a pressure 
generating component, and increases the fluid pressure of ink in the ink path to said nozzle, and took 
into consideration period-of-vibration Tc according the time difference of the timing of said 1 st 
expulsion of an ink droplet, and the timing of said 2nd expulsion of an ink droplet to helmholtz resonance 



of the ink of said pressure generating interior of a room. 

[0016] By deciding the timing of the 2nd pulse which generates the 2nd ink droplet in consideration of 
the proper oscillation of the ink of an ink path, it becomes possible to control the magnitude of the 2nd 
ink droplet finely. In addition, even if it performs this control in piles with control in consideration of the 
meniscus return time amount mentioned above, it is suitable. 

[0017] It is possible that the time difference of the timing in consideration of a resonant frequency of 
said 1st expulsion of an ink droplet and the timing of said 2nd expulsion of an ink droplet determines, 
and this time difference is defined as a direction as an integral multiple of period-of-vibration Tc by 
helmholtz resonance of the ink of the pressure generating interior of a room, for example. In the case of 
an integral multiple, the weight of the 2nd ink droplet can be raised using proper oscillation. 
[0018] In addition, when the regurgitation of ink is carried out and easy fluctuates by change of 
descriptions, such as temperature of ink, it is possible [ it ] to become the non-wanting amount of ink as 
a result having made the amount of ink which carries out the regurgitation in consideration of the period 
of vibration by helmholtz resonance always increase. Therefore, the parameter which the regurgitation of 
ink was carried out and reflected easy, for example, ink, viscosity (or temperature of the ink reflecting 
this etc.) is detected. It is based on this parameter. The time difference of the timing of the regurgitation 
of said 1st ink droplet, and the timing of said 2nd expulsion of an ink droplet It is good also as what 
makes adjustable twice (integer +1/2) period-of^vibration Tc by helmholtz resonance as ink becomes is 
easy to be breathed out with said detected parameter. Even if it becomes that the description of ink 
changes also in this case and it is easy to be breathed out, the weight of an ink droplet is kept 
comparable. 

[0019] Furthermore, the driving gear of the ink jet recording head mentioned above considers invention 
of the airline printer which applied the drive approach again, and can do things. This airline printer by 
operating the pressure generating component prepared corresponding to each of two or more nozzle 
orifices By the ink droplet which is equipped with the ink jet recording head which makes an ink droplet 
breathe out from said nozzle orifice, and is breathed out from this nozzle A printing data input means to 
be the airline printer which records an image on a record medium, and to input further the printing data 
which constitute an image and which have a gradation value for every pixel, The 1st driving pulse for 
making the 1st ink droplet breathe out from said two or more nozzles, Within a drive signal generation 
means to generate the driving signal which comes to contain the 2nd driving pulse for making the 2nd 
bigger ink droplet than said 1st ink droplet breathe out from these two or more nozzles, and 1 record 
period corresponding to a record pixel [ whether based on the gradation value of said inputted printing 
data, neither of said 1st and 2nd driving pulse is chosen, and the regurgitation of the ink droplet is 
carried out, and ] A driving pulse selection means to determine whether to choose only either of said 
1st or 2nd driving pulse, or choose said both 1st and 2nd driving pulses, It is making into the summary to 
have had the component driving means which drives said pressure generating component with said 
driving signal containing the this selected driving pulse. 

[0020] Based on the gradation value of the inputted printing data, this airline printer chooses at least 
one driving pulse in each driving pulse corresponding to the 1st and 2nd ink droplet from which 
magnitude differs within 1 record period, and drives a pressure generating component with the driving 
signal containing this driving pulse. Therefore, the dot by the 1st ink droplet formed corresponding to the 
1st driving pulse, The dot by the 2nd ink droplet formed corresponding to the 2nd driving pulse, By being 
able to form the dot by the 1st and 2nd ink droplets formed corresponding to both of the 1st and 2nd 
driving pulses, and using two of dots of this at least Multiple-value-ization beyond the formation of 3 of 
forming bigger dot than this values which does not form a dot and which forms a small dot can be 
performed, consequently, without being able to form easily and certainly the dot by the small ink droplet, 
and the dot by the big ink droplet, and falling a print speed, the quality of the image to form can be 
boiled markedly and it can improve. 

[0021] In addition, also in this airline printer, it is also suitable to define the relation between the 1st 
pulse signal and the 2nd pulse signal in consideration of the period Tm of the meniscus return time 



amount TR or its proper oscillation or the resonant frequency Tc of the ink of an ink path. 
[0022] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained based on 
an example. 

A. The outline configuration of an airline printer : plan the facilities of explanation and explain from the 
whole airline printer configuration first. Drawing 2 is the block diagram showing the configuration of the 
airline printer as one example of this invention. The scanner 12 and the color printer 22 are connected 
to the computer 90, and it functions as an airline printer as a whole by loading a predetermined program 
to this computer 90, and performing so that it may illustrate. This computer 90 is equipped with following 
each part mutually connected by the bus 80 focusing on CPU81 which performs various data processing 
for controlling the actuation in connection with an image processing according to a program so that it 
may illustrate. ROM82 stores beforehand a program and data required at CPU81 to perform various data 
processing, and RAM83 is memory by which various programs and data required to perform various data 
processing by CPU81 similarly are written temporarily. The input interface 84 manages the input of the 
signal from a scanner 12 or a keyboard 14, and the output interface 85 manages the output of the data 
to a printer 22. CRTC86 controls the signal output to CRT21 in. which color display is possible, and a 
disk controller (DDC) 87 controls transfer of the data between a hard disk 16, or the flexible drive 15 or 
the CD-ROM drive which is not illustrated. The various programs with which a hard disk 16 is provided 
in the form of [ which is loaded to RAM83 and performed ] various programs or a device driver are 
memorized. 

[0023] In addition, the serial input/output interface (SIO) 88 is connected to the bus 80. It connects 
with the modem 18 and this SI088 is connected to the dial-up line PNT through the modem 18. It is also 
possible by connecting the computer 90 to the external network through this SIO88 and modem 18, and 
connecting with the specific server SV to download a program required for an image processing to a 
hard disk 16. Moreover, it is also possible to load a required program by the flexible disk FD and CD- 
ROM, and to perform a computer 90. 

[0024] Drawing 3 is the block diagram showing the configuration of the software of this airline printer. By 
computer 90, the application program 95 is operating under a predetermined operating system. The 
video driver 91 and the printer driver 96 are included in the operating system, and the middle image data 
MID for transmitting to a printer 22 will be outputted to it through these drivers from an application 
program 95. The application program 95 which performs the retouch of an image etc. reads an image 
from a scanner 12, and it shows the image to CRT display 21 through a video driver 91, performing 
predetermined processing to this. The data ORG supplied from a scanner 12 are the original color 
picture data ORG which are read in a color copy and consist of a color component of (Red R) Green (G) 
and three colors of blue (B). 

[0025] If this application program 95 emits a printing instruction, the printer driver 96 of a computer 90 
will change image information into reception from an application program 95, and will have changed this 
into the signal (signal multiple-value-ized about each color of cyanogen, MAZENDA, yellow, and black 
here) which can process a printer 22. The interior of a printer driver 96 is equipped with the resolution 
conversion module 97, the color correction module 98, the color correction table LUT and the halftone 
module 99, and the rasterizer 100 in the example shown in drawing 6 . 

[0026] The resolution conversion module 97 plays the role changed into the resolution of the color 
picture data which the application program 95 is treating, i.e., the resolution in which a printer driver 96 
can treat the number of pixels per unit length. In this way, since the image data by which resolution 
conversion was carried out is image information which still consists of three colors of RGB, it is changed 
into the data of each color of the cyanogen (C) which a printer 22 uses for every pixel, MAZENDA (M), 
yellow (Y), and black (K), the color correction module 98 referring to the color correction table LUT. In 
this way, the data by which color correction was carried out have the gradation value by width of face, 
such as for example, 256 gradation. A halftone module performs half toning for a printer 22 to express 
this gradation value by distributing and forming a dot. In this example, since the expression of three 



values of dot nothing, small dot formation, and large dot formation is possible for a printer 22, it is 
performing 3 value-ization about each pixel, so that it may mention later. In this way, the processed 
image data is rearranged in order of the data which should be transmitted to a printer 22 by the 
rasterizer 100, and is outputted as final image data FNL In this example, it is only playing the role which 
forms a dot according to image data FNL, and the printer 22 is not performing the image processing. 
Moreover, although adjustment of the piezo-electric element driving signal which the printer 22 interior 
mentions later etc. is omitted in the printer driver 96 by the side of a computer 90, it is also possible to 
perform a setup of two or more pulse signals contained in a piezo-electric element driving signal etc. by 
the printer driver 96 side using the function of two-way communication with a printer 22. 
[0027] The outline configuration of a printer : B. The device in which ,a printer 22 conveys Form P by the 
paper feed motor 23 as shown in drawing 4 , The device in which carriage 31 is made to reciprocate to 
the shaft orientations of a platen 26 by the carriage motor 24, The device in which drive the print head 
28 carried in carriage 31, and the regurgitation of ink and dot formation are performed, It consists of a 
control circuit 40 which manages an exchange of a signal with these paper feed motors 23, the carriage 
motor 24, a print head 28, and a control panel 32, and a piezo-electric element drive circuit 50 which 
generates the driving signal which drives a piezo-electric element in response to the signal from this 
control circuit 40. 

[0028] The device in which carriage 31 is made to reciprocate to the shaft orientations of a platen 26 
consists of location detection sensor 39 grades which detect the sliding shaft 34 which is constructed in 
parallel with the shaft of a platen 26, and holds carriage 31 possible [ sliding ], the pulley 38 which 
stretches the endless driving belt 36 between the carriage motors 24, and the home position of carriage 
31. 

[0029] The cartridge 72 for color ink which contained the cartridge 71 for black ink (Bk) and the ink of 
cyanogen (C1), light cyanogen (C2), a Magenta (M1), light MAZENDA (M2), and five colors of Hierro (Y) 
can be carried in this carriage 31. About cyanogen and two colors of MAZENDA, it will have ink of two 
kinds of shades. A total of six heads 61 for ink regurgitation thru/or 66 are formed in the print head 28 
of the lower part of carriage 31, and the introductory tubing 67 (refer to drawing 5 ) which leads the ink 
from an ink tank to each of this head for colors is set up by the pars basilaris ossis occipitalis of 
carriage 31. If carriage 31 is equipped with the cartridge 71 for black (Bk) ink, and the cartridge 72 for 
color ink from the upper part, the introductory tubing 67 will be inserted in the connection hole prepared 
in each cartridge, and supply of the head 61 for regurgitation thru/or the ink of 66 will be attained from 
each ink cartridge. 

[0030] Drawing 8 is the explanatory view showing the array of the ink jet nozzle Nz in the heads 61-66 
for ink regurgitation. Arrangement of these nozzles consists of 6 sets of nozzle arrays which carry out 
the regurgitation of the ink for every color, and is alternately arranged in the nozzle pitch k with 48 fixed 
nozzles Nz. The location of the direction of vertical scanning of each nozzle array is mutually in 
agreement. In addition, 48 nozzles Nz contained in each nozzle array do not need to be arranged 
alternately, and may be arranged on the straight line. However, if it arranges alternately as shown in 
drawing 8 , there is an advantage of being easy to set up the nozzle pitch k small on manufacture. 
[0031] The regurgitation of the ink from the nozzle Nz mentioned above is controlled by the control 
circuit 40 and the piezo-electric element drive circuit 50. The internal configuration of a control circuit 
40 was shown in drawing 10 . The interface 43 which receives printing data including the multiple-value 
gradation information from a computer 90 etc. inside a control circuit 40 so that it may illustrate 
(henceforth "I/F"), RAM44 which performs various data storages, and ROM45 which memorized the 
routine for various data processing etc., The control section 46 which consists of a CPU etc., an 
oscillator circuit 47, and the drive signal generating circuit 48 as a "drive signal generation means 
which generates the driving signal to each piezo-electric element of the below-mentioned print head 28, 
It has I/F49 for transmitting the printing data and the driving signal which were developed by dot pattern 
data to the paper feed motor 23, the carriage motor 24, and the piezo-electric element drive circuit 50. 
[0032] Since printing data after 3 value-ized processing was made by the printer driver 96 are sent, a 



control circuit 40 once develops data to output-buffer 44C according to arrangement of the nozzle 
array of a print head, and after storing this printing data in receive buffer 44A, if this is outputted 
through I/F49, it is sufficient [ this example from a computer 90 ] for it On the other hand, when the 
data transmitted from a computer 90 are printing data including multiple-value gradation information, a 
printer 22 shall just perform processing of the formation of 3 values etc. in a control circuit 40 (for 
example, when it is data of a PostScript format). In this case, printing data are stored in receive buffer 
44A inside a recording apparatus through I/F43. After command analysis is performed to the record data 
stored in receive buffer 44A, it is sent to middle buffer 44B. Within middle buffer 44B, the record data as 
an intermediate form cconverted with the pseudo code by the control section 46 are held, and 
processing which the address of the printing location of each alphabetic character, the class of 
qualification, magnitude, and a font etc. adds is performed by the control section 46. Next, a control 
section 46 analyzes the record data in middle buffer 44B, performs 3 value-ization according to 
gradation information, and makes output-buffer 44C develop and memorize dot pattern data. 
[0033] The dot pattern formed into 3 value will be developed by output-buffer 44C f and, in any case, it 
will be stored in it. A print head outputs this dot pattern data through I/F49, after preparing the dot 
pattern data equivalent to a part for one scan of a head for output-buffer 44C since it has the nozzle of 
each 48 colors so that it may mention later. It consists of 2 bits as gradation data for every nozzle, and 
"10" supports to small dot formation and "11" supports [ "00" ] large dot formation without a dot, 
respectively so that the printing data developed as dot pattern data may be mentioned later. About the 
situation of the configuration of data, and dot formation, it mentions later. 

[0034] C. The mechanism of the ink regurgitation : explain the device in which the regurgitation of ink 
and dot formation are performed. The explanatory view in which drawing 5 shows the outline 
configuration inside the head 28 for ink regurgitation, and drawing 6 are the mimetic diagrams showing 
signs that telescopic motion of piezo-electric element PE performs the regurgitation of ink If carriage 
31 is equipped with ink cartridges 71 and 72, as shown in drawing 5 , the ink in an ink cartridge will be 
sucked out through the introductory tubing 67 using capillarity, and it will be led to each color head 61 
of the print head 28 prepared in the carriage 31 lower part thru/or 66. In addition, although actuation 
which attracts ink to the head 61 of each color thru/or 66 with the pump of dedication is performed 
when equipped with an ink cartridge for the first time, in this example, illustration and explanation are 
omitted for a print head 28 about the configuration of a wrap cap etc. at the time of the pump for 
suction, and suction. 

[0035] 48 nozzles Nz are formed in it for every color as explained to the head 61 of each color thru/or 
66 later (refer to drawing 8 ), and piezo-electric element PE which is one of the electrostriction 
components and was excellent in responsibility as a pressure generating component for every nozzle is 
arranged. Piezo-electric element PE is installed in the location adjacent to the ink path 68 to which ink 
is led to Nozzle Nz so that it may illustrate on the drawing 6 upper case. The crystal structures of 
piezo-electric element PE are distortion and the component which changes electric-mechanical energy 
into a high speed extremely by impression of an electrical potential difference as everyone knows. 
Piezo-electric element PE contracts only the impression time amount of an electrical potential 
difference, and makes one side attachment wall of the ink path 68 deform in this example, by impressing 
the electrical potential difference of predetermined time width of face to inter-electrode [ which was 
prepared in the both ends of piezo-electric element PE ], as shown in the drawing 6 lower berth. 
Consequently, it contracts according to contraction of piezo-electric element PE, and the ink equivalent 
to a part for this contraction serves as Particle Ip, and the volume of the ink path 68 is breathed out by 
the high speed from the tip of Nozzle Nz. Printing is performed when this ink particle Ip sinks into the 
form P with which the platen 26 was equipped. 

[0036] Although the principle of the expulsion of an ink droplet using a piezo-electric element was 
explained using the mimetic diagram, the detail of the ink regurgitation device using actual piezo-electric 
element PE was shown in drawing 7 . Drawing 7 is the sectional view showing an example of the head 61 
for record thru/or the mechanical cross-section structure of 66. This head consists of an actuator unit 



121 and a passage unit 122 greatly so that it may illustrate. The actuator unit 121 consists of piezo- 
electric element PE f the 1st covering device material 130, the 2nd covering device material 136, and 
spacer 135 grade. The 1st covering device material 130 consists of sheet metal of a zirconia with a 
thickness of about 6 micrometers, the common electrode 131 used as one pole is formed in the front 
face, piezo-electric element PE is fixed so that the pressure generating room 132 later mentioned on 
the front face may be countered, and the drive electrode 134 which consists of a layer of comparatively 
flexible metals, such as Au, is further formed in the front face. 

[0037] Here, piezo-electric element PE forms the actuator of a flexurally oscillating mold by the 1st 
covering device material 130. Piezo-electric element PE deforms in the direction which will elongate if it 
deforms in the direction which will contract if a charge is added, and contracts the volume of the 
pressure generating room 132 and the added charge discharges, and is extended based on the volume of 
the pressure generating room 132. 

[0038] The spacer 135 formed in the lower part of the 1st covering device material 130 drills a through- 
hole at ceramic plates, such as the thickness suitable for forming the pressure generating room 132, for 
example, a 100-micrometer zirconia etc., (Zr02), is constituted, and the 2nd covering device material 

136 and the 1st covering device material 130 which are mentioned later carry out the closure of both 
sides, and it forms the above-mentioned pressure generating room 132. 

[0039] The 2nd covering device material 136 fixed to the other end of a spacer 135 is constituted 
considering ceramics, such as a zirconia, as the quality of the material like the spacer 135. Two free 
passage holes 138,139 which constitute ink passage between the pressure generating rooms 132 are 
drilled in this 2nd covering device material 136. The free passage hole 138 connects the ink feed hopper 

137 and the pressure generating room 132 which are mentioned later, and the free passage hole 139 
connects a nozzle orifice Nz and the other end of the pressure generating room 132. 

[0040] These each part material 130,135,136 fabricates a ceramic clay-like ingredient in a 
predetermined configuration, and it is summarized as an actuator unit 121, without using adhesives by 
carrying out the laminating of this and calcinating it. 

[0041] Next, the passage unit 122 is explained. The passage unit 122 consists of an ink feed hopper 
formation substrate 140, an ink room formation substrate 143, a nozzle plate 145, etc. While the ink feed 
hopper formation substrate 140 serves as the fixed substrate of the actuator unit 121, the nozzle orifice 
Nz is formed for the ink feed hopper 137 in the end side by the side of the pressure generating room 
132 at the many-items side of the pressure generating room 132, respectively. The ink feed hopper 137 
is a free passage way which connects the ink room 141 common to each nozzle, and the pressure 
generating room 132, and the cross section is made small enough compared with the free passage hole 

138 etc., and it is designed so that it may function as an orifice. 

[0042] The closure of the ink room formation substrate 143 is carried out by the nozzle plate 145 in the 
field of another side, it is the member which forms the ink room 141 with the ink feed hopper formation 
substrate 140, and the nozzle free passage hole 144 linked to a nozzle orifice 123 is formed. The ink 
room 141 is connected to the ink passage which stands in a row in ink cartridges 71 and 72 and which is 
not illustrated so that ink may flow from the ink tank which is not illustrated. 

[0043] The glue lines 146,147, such as a heat joining film and adhesives, are fixed in between [ each ], 
and these ink feed hopper formation substrate 140, the ink room formation substrate 143, and the 
nozzle plate 145 constitute the passage unit 122 as a whole. 

[0044] The glue lines 148, such as a heat joining film and adhesives, are fixed, and this passage unit 122 
and the above-mentioned actuator unit 121 constitute each head 61 for record thru/or 66. 
[0045] If piezo-electric element PE will be contracted if the seal of approval of the electrical potential 
difference is carried out and a charge is added between the drive electrodes 131,134 of piezo-electric 
element PE by the above-mentioned configuration, the volume of the pressure generating room 132 is 
reduced and a charge is discharged conversely, piezo-electric element PE will be elongated and the 
volume of the pressure generating room 132 will increase. If the pressure generating room 132 expands, 
the pressure in the pressure generating room 132 will decline, and ink will flow in the pressure 



generating room 132 from the common ink room 141. If a charge is added to piezo-electric element PE, 
the volume of the pressure generating room 132 will be reduced, the pressure in the pressure generating 
room 132 will rise for a short time, and the ink in the pressure generating room 132 will be breathed out 
outside through a nozzle orifice Nz. At this time, ink droplet IP is breathed out outside. 
[0046] By the way, in the print head 28 for ink jet record constituted in this way, the ink which exists in 
the passage which results in Nozzle Nz causes an oscillating phenomenon as a fluid with change of the 
pressure of the pressure generating room 132. At least two kinds of proper oscillation exists in this 
vibration. After one breathes out an ink droplet, it is vibration of the comparatively long period to which 
the meniscus which is an ink interface returns. This is called proper oscillation (period Tm). Another is 
vibration called the helm HORUMU resonance produced in a fluid by existence of the pressure 
generating room 132, and is a short vibration (period Tc) of a period comparatively compared with proper 
oscillation. When the helm HORUMU resonance frequency f of this pressure generating room 132 sets 
the inertance of Mn and the ink feed hopper 137 to Ms for the inertance of Cv and a nozzle orifice 123, 
a degree type (1) shows the rigid compliance by the ingredient itself which forms Ci and the pressure 
generating room 132 for the fluid compliance resulting from the compressibility of the ink of the 
pressure generating room 132, such as the 1st covering device material 130 and piezo-electric element 
PE. 
[0047] 

f=1/(2pi) xroot {(Mn+Ms)/(MnxMs)/(Ci+Cv)} 
— (D 

[0048] Moreover, if compliance of a meniscus is set to Cn and the viscous drag of ink passage will be 
disregarded, the proper oscillation period Tm of a meniscus is shown by the degree type (2). 
[0049] 

Tm=2pixroot {(Mn+Ms) Cn} — (2) 

[0050] Moreover, when the consistency of V and ink is set to rho and c of the acoustic velocity in the 
inside of ink for the volume of the pressure generating room 132, the fluid compliance Ci is shown by the 
degree type (3). 
[0051] 

Ci=V/rho c2 — (3) 

[0052] In addition, since the rigid compliance Cv of the pressure generating room 132 is in agreement 
with the static reduction of area of the pressure generating room 132 when impressing unit pressure to 
the pressure generating room 132, it can calculate an actual value by measuring this. 
[0053] The period Tc of the proper oscillation excited by the meniscus by contraction and expanding of 
piezo-electric element PE is the same as the period obtained with the inverse number of the helm 
HORUMU resonance frequency f. If an example of count adapted to an example is given, for 2x108kgm-4 
and Inertance Ms, 1x10~20m5N-1 and the rigid compliance Cv of the helm HORUMU resonance 
frequency fat the time of being 1x108kgm-4 will be [ the fluid compliance Ci / 1.5x10-20m5N~1 and 
Inertance Mn ] 125kHz, and the period Tc will be set to 8 microseconds. 

[0054] D. The outline of formation of a size dot : the nozzle Nz of each 48 colors with which the printer 
22 of this example was equipped is equally formed in the bore. Two kinds of dots from which a path 
differs using this nozzle Nz can be formed. This principle is explained. Drawing 9 is the explanatory view 
having shown typically the relation between the drive wave of the nozzle Nz at the time of ink being 
breathed out, and the ink Ip breathed out. It is a wave at the time of the drive wave shown with the 
broken line in drawing 9 carrying out the regurgitation of the usual dot. Meniscus Me will be in the 
condition of having cratered inside Nozzle Nz as it was shown in the condition A of drawing 9 , in order 
that piezo-electric element PE might deform the volume of the pressure generating room 132 in the 
increasing direction, once it impressed the electrical potential difference of minus to piezo-electric 
element PE in the section d2. On the other hand, if a minus electrical potential difference is rapidly 
impressed using the drive wave shown as the continuous line of drawing 9 as shown at the section d2, a 
meniscus will be in the condition of having cratered inside greatly compared with Condition A as shown 



in the Condition a. 

[0055] It is based on the following reason that the configuration of a meniscus changes with pulse shape 
of the electrical potential difference of the minus which carries out a seal of approval to piezo-electric 
element PE. A piezo-electric element deforms according to the shape of a pulse form of the electrical 
potential difference by which the seal of approval was carried out, and fluctuates the volume of the 
pressure generating room 132. If the change carries out very slowly when the volume of the pressure 
generating room 132 increases, with increase of the volume of the pressure generating room 132, ink will 
be supplied from the common ink room 141, and a meniscus will hardly change. On the other hand, when 
telescopic motion of piezo-electric element PE is performed for a short time and change of the volume 
of the pressure generating room 132 arises rapidly, it will not do from supply of ink being restricted by 
the ink feed hopper 137 from the ink room 141, but a meniscus will be influenced by change of the 
volume of the pressure generating room 132. When change of an electrical potential difference which 
carries out a seal of approval to piezo-electric element PE is loose (refer to drawing 9 broken line), 
retreat of a meniscus is small, and when change of a seal-of^approval electrical potential difference is 
rapid (refer to drawing 9 continuous line), it is based on the balance of this ink supply that retreat of a 
meniscus becomes large. 

[0056] Ink is breathed out based on the principle it was previously explained using drawing 6 that just 
carried out applied voltage to piezo-electric element PE from the condition that the meniscus retreated 
next (section d3). At this time, from the condition (condition A) of having seldom cratered the meniscus 
inside, as shown in Condition B and Condition C, a big ink droplet is breathed out, and from the condition 
(condition a) to which the meniscus was cratered inside greatly, as shown in Condition b and Condition c, 
a small ink droplet is breathed out. 

[0057] According to the rate of change at the time (sections d1 and d2) of making driver voltage 
negative, the diameter of a dot can be changed as shown above. However, it is very difficult to perform 
control which changes the wave of a driving signal for every dot by the printer equipped with two or 
more nozzles Nz. So, at this example, the size dot is formed by preparing the driving signal containing 
two different wave-like pulse signals, and preparing printing data according to this signal. This technique 
is explained below. 

[0058] E. A piezo-electric element drive circuit and a driving signal : in this example, two kinds, the drive 
wave for forming the small small dot of the diameter of a dot and the drive wave for forming the big 
large dot of the diameter of a dot, are prepared based on such relation between a drive wave and the 
diameter of a dot (refer to drawing 11 ). About the situation of formation of the ink droplet of the size by 
the difference in a driving signal, it mentions later with the detail of generation of a driving signal. 
[0059] First, the configuration which generates the wave-like driving signal shown in drawing 1 1 is 
explained. The driving signal shown in drawing 1 1 is generated by the piezo-electric element drive circuit 
50. Drawing 12 is the block diagram showing the internal configuration of this piezo-electric element 
drive circuit 50. So that it may illustrate inside this piezo-electric element drive circuit 50 The memory 
51 which receives and memorizes the signal from a control circuit 40, and the contents of this memory 
51 are read. The latch 52 who holds temporarily, the adder 53 adding this latch's 52 output, and another 
latch's 54 output mentioned later, D/A converter 56 which changes latch's 54 output into analog data, 
and the changed analog signal to the voltage swing for a piezo-electric element PE drive It consists of 
the current amplification sections 58 for performing the current supply source corresponding to the 
voltage amplification section 57 to amplify and the amplified voltage signal. Here, memory 51 memorizes 
the predetermined parameter which determines the wave of a driving signal. The wave of a driving signal 
is determined by the predetermined parameter beforehand received from the control circuit 40 so that it 
may mention later. The piezo-electric element drive circuit 50 receives clock signals 1, 2, and 3, a data 
signal, an address signal 0 or 3, and a reset signal from a control circuit 40, as shown in drawing 12 . 
[0060] Drawing 13 is the explanatory view showing signs that the wave of a driving signal is determined, 
by the configuration of the piezo-electric element drive circuit 50 mentioned above. First, in advance of 
generation of a driving signal, some data signals which show the slew rate of a driving signal, and the 



address signal of the data signal are outputted to the memory 51 of the piezo-electric element drive 
circuit 50 from a control circuit 40 synchronizing with a clock signal 1. Although only 1 bit of data signals 
does not exist, as shown in drawing 14 , they have the composition of exchanging data, by the serial 
transmission which makes a clock signal 1 a synchronizing signal. That is, in transmitting a 
predetermined slew rate from a control circuit 40, synchronizing with a clock signal 1, a two or more bits 
data signal is outputted first, and it outputs after that the address which stores this data as an address 
signal 0 thru/or 3 synchronizing with a clock signal 2. To the timing to which this clock signal 2 was 
outputted, memory 51 reads an address signal and writes the received data in that address. Since an 
address signal is a 4-bit signal of 0 thru/or 3, it can make a note of a maximum of 1 6 kinds of slew rates, 
and can memorize them to 51. In addition, the most significant bit of data is used as a sign. 
[0061] If Address B is outputted to an address signal 0 thru/or 3 after a setup of each addresses A and 
B and the slew rate to ... is completed, the slew rate corresponding to this address B will be held by the 
1st latch 52 with the first clock signal 2. It is in this condition, and if a clock signal 3 is outputted next, 
the value with which the 1st latch's 52 output was added to the 2nd latch's 54 output will be held at the 
2nd latch 54. That is, whenever it will receive a clock signal 3 after that once the slew rate 
corresponding to an address signal is chosen as shown in drawing 13 , the 2nd latch's 54 output is 
fluctuated according to the slew rate. The slew rate stored in Address B serves as a value 
corresponding to unit time-amount **T Hitting and only electrical-potential-difference **V 1 going up 
an electrical potential difference. In addition, an increment or reduction is determined by the sign of the 
data stored in each address. 

[0062] In the example shown in drawing 13 , the value in the case of maintaining a value 0, i.e., an 
electrical potential difference, as a slew rate is stored in Address A. Therefore, if Address A becomes 
effective with a clock signal 2, the wave of a driving signal will be maintained at a condition without 
increase and decrease, i.e., a flat condition. Moreover, the slew rate corresponding to only **V 2 falling a 
unit time amount **T per electrical potential difference is stored in Address C. after [ therefore, ] 
Address C becomes effective with a clock signal 2 — this electrical-potential-difference **V — an 
electrical potential difference will fall and go every [ 2 ]. 

[0063] The wave of a driving signal is freely controllable only by outputting an address signal and a clock 
signal 2 from a control circuit 40 by the technique mentioned above, an example — each pulse which 
constitutes the driving signal to kick is explained using drawing 1 1 . First, in the record period 
corresponding to one record pixel, a driving signal is roughly divided and consists of the 1st pulse and 
the 2nd pulse. The electrical-potential-difference value starts the 1st pulse from the middle potential 
Vm (T1 1), it goes up with inclination fixed to the maximum potential VP (T12), and only predetermined 
time maintains the maximum potential VP (T13). Next, it descends with inclination fixed to the 1st 
minimum potential VLS (T14), and, as for the 1st pulse, only predetermined time maintains the minimum 
potential VLS (T15). After that, it goes up again with inclination fixed to the maximum potential VP (T16), 
and, as for the electrical-potential-difference value of the 1st pulse, only predetermined time maintains 
the maximum potential VP (T17). Then, the 1st pulse descends with inclination fixed to the middle 
potential Vm (T18). 

[0064] Here, if the charge pulse T1 2 is impressed to piezo-electric element PE, piezo-electric element 
PE will bend in the direction which shrinks the volume of the pressure generating room 132, and will 
generate positive pressure in the pressure generating room 132. Consequently, a meniscus rises from a 
nozzle orifice 123. Although the potential difference of the charge pulse T12 is large, and it is possible to 
also make an ink droplet breathe out by the charge pulse T12 when electrical-potential-difference 
inclination is steep, the potential difference of the charge pulse T12 is set as the range in which an ink 
droplet is not breathed out by the charge pulse T12 in this example. In this example, further, the 
charging time of the charge pulse T12 is set as the period more than Tc (at this example, it is [ Tc and ] 
the same period substantially) so that a meniscus may not excite vibration of the helmholtz period Tc. 
[0065] The meniscus which rose by the charge pulse T12 is changed to the motion which returns into a 
nozzle orifice 123 by vibration of a period Tm with the surface tension of ink, while the hold pulse T13 is 



impressed. If the discharge pulse T14 is impressed, piezo-electric element PE will bend in the direction 
which expands the pressure generating room 132, and negative pressure will produce it in the pressure 
generating room 132. The motion of a meniscus to the nozzle orifice 123 interior by this negative 
pressure is superimposed by vibration of the above-mentioned period Tm, and a meniscus is greatly 
drawn in the interior of a nozzle orifice 123. Thus, a meniscus can be greatly drawn in the interior of a 
nozzle orifice 123 also by the potential difference of the comparatively small discharge pulse T14 by 
impressing the discharge pulse T14 to the timing to which a meniscus goes to the interior of a nozzle 
orifice 123. At this example, drawing in of the above meniscuses is guaranteed for the duration of the 
hold pulse T13 by the thing of Tm for which about 1/is set to 2. 

[0066] If the charge pulse T16 is impressed from the condition that the meniscus was drawn, positive 
pressure will occur in the pressure generating room 132, and a meniscus will rise from a nozzle orifice 
123. At this time, since the meniscus is greatly drawn in the interior of a nozzle orifice 123, even if the 
pressure of the positive pressure direction is added, the ink droplet breathed out will remain in a minute 
ink droplet. The discharge pulse T18 is a discharge pulse for suppressing the proper oscillation of the 
meniscus excited by the discharge pulse T14 and the charge pulse T16, and impresses the discharge 
pulse T18 which makes a meniscus go to the interior of a nozzle orifice 123 to the timing to which the 
proper oscillation of a period Tc goes to the outlet of a nozzle orifice 123. Consequently, retreat of the 
meniscus after the regurgitation of a very small ink droplet is completed is controlled by the 
comparatively small thing. 

[0067] Next, the 2nd pulse is explained. The 2nd pulse is started from the middle potential Vm following 
on the 1st pulse (T19). It descends with inclination fixed to the 2nd minimum potential VLL (T21), and 
only predetermined time maintains the minimum potential VLL (T22). The minimum potential VLL of this 
2nd pulse is lower than the minimum potential VLS of the 1st pulse. And it goes up with inclination fixed 
to the maximum potential VP (T23), and, as for the electrical-potential-difference value of the 2nd pulse, 
only predetermined time maintains the maximum potential VP (T24). Then, the 2nd pulse descends with 
inclination fixed to the middle potential Vm (T25). 

[0068] If the discharge pulse T21 is impressed, negative pressure will arise in the pressure generating 
room 132 as mentioned above, and a meniscus will be drawn in the interior of a nozzle orifice 123. 
However, the slew rate is set up so that a meniscus may not be greatly drawn in the interior of a nozzle 
orifice 123 compared with the 1st pulse by setting up the potential difference of the discharge pulse T21 
smaller than the potential difference of the discharge pulse T14 of the 1st pulse. 

[0069] If the charge pulse T23 is impressed, positive pressure will occur in the pressure generating room 
132, and a meniscus will rise from a nozzle orifice 123. Since the pressure variation of the positive 
pressure direction occurs in the condition that a meniscus is not drawn so much in the interior of a 
nozzle orifice 123, at this time, the ink droplet breathed out turns into a big ink droplet compared with 
the 1st pulse. In addition, the discharge pulse T25 of the last of the 2nd pulse is a discharge pulse for 
suppressing the proper oscillation of the meniscus excited by the discharge pulse T21 and the charge 
pulse T23, and is impressed to the timing to which a meniscus goes in the direction of an outlet of a 
nozzle orifice 123 by the proper oscillation of a period Tc. 

[0070] the case where the 1st pulse and the 2nd pulse are chosen continuously — after all — two ink 
droplets — the empty hand from Nozzle Nz — ****** — although it becomes things, two ink droplets 
reach the almost same location on a form. Drawing 15 showed this situation. The biggest dot is formed 
for the small ink droplet IPs corresponding to the 1st pulse, and the big ink droplet IPm which 
corresponded the 2nd pulse by [ on a form ] reaching the same location mostly so that it may illustrate. 
When forming two kinds of dots using the driving signal shown in drawing 1 1 , since the 2nd pulse of the 
variation of piezo-electric element PE is larger, ink droplet IP will be breathed out with sufficient vigor, 
and the big flight rate of an ink droplet IPm has it compared with the small ink droplet IPs. [ large ] Thus, 
if the scan speed of carriage 31 and the regurgitation timing of both ink droplets are adjusted according 
to the distance between carriage 31 and Form P, moving carriage 31 to a main scanning direction since 
a difference exists in the flight rate of an ink droplet when discharge and an ink droplet big next are 



breathed out for a first small ink droplet, both ink droplets can be made to reach Form P to the almost 
same timing. In this example, it does in this way and the large dot with the biggest diameter of a dot is 
formed from two kinds of driving pulses of drawing 11 . 

[0071] F. vibration of a meniscus and timing [ of the 2nd pulse ]: — independent [ in the regurgitation of 
an ink droplet corresponding to the 1st pulse, and the regurgitation of the ink droplet corresponding to 
the 2nd pulse ] in this example, as explained above — or, although it can carry out continuously Total of 
the ink weight at the time of forming an ink droplet continuously by the 1st pulse and the 2nd pulse is 
adjusting the 1st and 2nd pulse form ** timing in consideration of vibration of a meniscus so that it may 
become large intentionally from the total at the time of forming each ink droplet independently. This 
point is explained below. Drawing 16 is the explanatory view showing the relation of the pulse selection 
and the ink droplet weight per 1 record period in this example. When the 1st pulse and the 2nd pulse are 
continuously chosen so that it may illustrate, compared with total of the ink droplet weight at the time 
of choosing the 1st pulse and the 2nd pulse independently, respectively, it turns out that ink weight 
carried out the increment in 5ng in total. This ink weight increase is obtained by forming the 2nd ink 
droplet to the predetermined timing in consideration of a motion of a meniscus, after breathing out a 
small ink droplet, the ratio of the ink weight (an example 20 ng(s)) of a large dot [ as opposed to the ink 
weight (an example 5 ng(s)) of a small dot as a result ] — breadth — the adjustable range of the 
diameter of a record dot is supposed to have been substantially made large further The terminal point of 
the charge pulse T16 of the 1st pulse which is specifically "timing of the 1st expulsion of an ink droplet" 
in this example, Time amount with the starting point of the charge pulse T21 of the 2nd pulse which is 
"the initiation timing of the 1st signal which expands a pressure generating room" The time amount of 
the hold pulse T19 is set up so that it may become "+ (meniscus return time amount from the 1st 
expulsion of an ink droplet)" (1/8 of the meniscus proper oscillation period Tm) mentioned later. 
[0072] Drawing 17 and drawing 1 8 are the explanatory views showing a motion of the meniscus in the 
1st example. An axis of ordinate shows the amount of meniscus displacement, and the axis of abscissa 
shows time amount. The sign 707 in drawing shows the effective area of a nozzle orifice 123, and the 
lower part of the nozzle effective area 707 is equivalent to the interior of a nozzle orifice 123. Moreover, 
the curve 708 in drawing shows the variation rate of a meniscus. Therefore, the inclination (differential 
value) of the tangent of the curve 708 in drawing shows the rate of a meniscus. Moreover, when an ink 
droplet is breathed out, the area (illustration hatching section) of one closed region which the curve 708 
corresponding to the timing is between axes of abscissa, and forms more nearly up than an axis of 
abscissa will be proportional to the weight of an ink droplet mostly. 

[0073] a meniscus when drawing 17 impresses the 1st pulse independently — it is a variation rate. An 
ink droplet is breathed out corresponding to the peak 704 of meniscus vibration. That is, at this time, it 
dissociates from a meniscus, and an ink droplet turns into a minute ink droplet, and carries out the 
regurgitation. Then, a meniscus will be in the condition of having been drawn from the nozzle effective 
area 707. The drawn meniscus once reaches the nozzle effective area 707 toward the nozzle effective 
area 707 at the beginning of return at the time of time of day 701 with the surface tension of a 
meniscus. The elapsed time from the timing of the 1st expulsion of an ink droplet to time of day 701 is 
"meniscus return time amount from 1st expulsion of an ink droplet" TR here. Furthermore, a meniscus 
exceeds the nozzle effective area 707 and begins to return soon. That is, a meniscus will cause damping 
oscillation. When time of day when a meniscus results in the nozzle effective area 707 again is set to 
709, the elapsed time from time of day 701 to time of day 709 is about 1 of proper oscillation period Tm 
of meniscus/2, time of day 703 — the 1st after [ expulsion of an ink droplet ] meniscus — the point 
with which a variation rate serves as max — it is — the elapsed time of time of day 701 to the time of 
day 703 — about [ of the proper oscillation period Tm of a meniscus ] — it is equal to one fourth. Time 
of day 702 is the almost middle time of day of the time of day 701 when the rate of the meniscus which 
goes to the nozzle orifice 123 exterior serves as max, and said time of day 703, and its elapsed time of 
time of day 701 to the time of day 702 is equal to the abbreviation 1/8 of the proper oscillation period 
Tm of a meniscus. Time of day 710 is the almost middle time of day of time of day 703 and said time of 



day 709, and its elapsed time of time of day 701 to the time of day 710 is equal to the abbreviation 3/8 
of the proper oscillation period Tm of a meniscus. 

[0074] Next, the increment phenomenon of the amount of ink droplets when continuing at the 1st pulse 
and impressing the 2nd pulse is explained, referring to drawing 18 . In this example, as shown in drawing 
18 , the driving signal is set up so that impression of the discharge pulse T21 which is "the initiation 
timing of the 1st signal which expands a pressure generating room" may begin on the point of time of 
day 702. the condition of the meniscus in this time of day 702 — a meniscus — a variation rate — a 
rate and a meniscus — since each variation rate serves as nozzle orifice 123 outwardness, the 
operation which is going to draw a meniscus in the nozzle orifice 123 interior by the discharge pulse T21 
of the 2nd pulse is offset, and the amount of drawing in of the variation rate 708 of a meniscus is 
reduced. Consequently, by impression of the charge pulse T23, the peak 705 of meniscus vibration 
becomes high and the magnitude of the ink droplet separated from a meniscus becomes large. In 
addition, in drawing 18 , the sign 706 in drawing shows the time difference of the terminal point of the 
charge pulse T16 which is "timing of the 1st expulsion of an ink droplet", and the starting point of the 
discharge pulse T21 which is "the initiation timing of the 1st signal which expands a pressure generating 
room." 

[0075] The total and relation of ink droplet weight which are breathed out by drawing 19 by the phase, 
the 1st pulse, and the 2nd pulse of "the initiation timing of the 1st signal of the 2nd pulse" are shown. 
The total value of the ink droplet weight by which an axis of ordinate is breathed out by the 1st pulse 
and the 2nd pulse, and an axis of abscissa show time amount. The ink droplet weight curve GI carries 
out adjustable [ of the initiation timing of the 1st signal of the 2nd pulse ] till time of day 701-710, and 
measures the total value of the amount of ink. It carries out asymptotic [ of the total of ink droplet 
weight ] to ink droplet weight (5+10=) 15ng when breathing out the 1st pulse and the 2nd pulse 
independently respectively as it is set to maximum 20ng and the initiation timing of the 1st signal of the 
2nd pulse is extended, when initiation timing of the 1st signal of the 2nd pulse is made into the time-of- 
day 702 neighborhood. On the contrary, also when initiation timing of the 1st signal of the 2nd pulse is 
shortened, total of ink droplet weight is reduced. This is in the condition that the meniscus was drawn in 
the nozzle orifice 123 interior, and is considered for drawing a meniscus in the nozzle orifice 123 interior 
by the discharge pulse T21 of the 2nd driving pulse further. From drawing 18 , it is longer than the 
meniscus return time amount TR from said 1st expulsion of an ink droplet, and the time difference of 
the timing of the 1st expulsion of an ink droplet and the 1st initiation timing of an electrical-potential- 
difference downward wave of the 2nd driving pulse is understood that it is desirable to make it shorter 
than (meniscus return time amount TR from 1st expulsion of an ink droplet) + (3/8 of the meniscus 
proper oscillation period Tm). That is, ink droplet weight can be increased from the case where an ink 
droplet is breathed out for the initiation timing of the 1st signal of the 2nd pulse, respectively by the 
time amount of time of day 701 to the time of day 710, then two pulses. 

[0076] G. The modification of the drive circuit 50 : although the driving signal added to piezo-electric 
element PE was generated in the 1st example explained above using D/A converter 56 based on the 
command from a control circuit 40 side, the drive circuit which generates a driving signal can also be 
realized by circuit 50A shown in drawing 20 . An example of the configuration of this drive circuit 50A is 
explained based on drawing 20 . This drive circuit 50A consists of shift registers 253A-253N, the latch 
components 254A-254N, level shifters 255A-255N, switching devices 256A-256N, and piezo-electric 
elements 257A-257N corresponding to each nozzle of a head 28. Printing data consist of 2 bit data for 
every nozzle, as shown in (10), (11), etc. And the bit data of each digit about all nozzles are inputted into 
shift registers 253A-253N in 1 record period. 

[0077] That is, after serial transmission of the data of the bit 2 which is a high order bit for all nozzles is 
carried out to shift registers 253A-253N, the data of the bit 2 for all these nozzles are latched by the 
latch components 254A-254N. Serial transmission of the data of the bit 1 which is a lower bit for all 
nozzles is done next to shift registers 253A-253N by this latch. 

[0078] And when the bit data which join each switching devices 256A-256N constituted, for example as 



an analog switch are "1", a driving signal (COM) is directly impressed to piezo-electric elements 257A- 
257N, and each piezo-electric elements 257A-257N are displaced according to the signal wave form of a 
driving signal. On the contrary, when the bit data which join each switching devices 256A-256N are "0", 
an each piezo-electric elements [ 257A-257N ] driving signal is intercepted, and each piezo-electric 
elements 257A-257N hold the last charge. 

[0079] It is the wave this circuit 50A as well as the 1st example indicated the driving signal (COM) to be 
to drawing 1 , and a small ink droplet and a big ink droplet are formed of the 1st pulse and the 2nd pulse. 
[0080] The 1st pulse is for making the small ink droplet of about 5 ng(s) breathe out. When recording a 
small dot, this 1 st pulse is chosen independently and the small diameter of a dot is obtained. The 2nd 
pulse is always chosen in the example shown in drawing 1 following on said 1st pulse, and only the 2nd 
pulse is not chosen independently. It is as the 1st example having explained that the big ink droplet of 
abbreviation (5+15=) 20ng is breathed out, and the big diameter of a dot is obtained by the 1st and 2nd 
pulse being chosen continuously when recording a large dot. 

[0081] If a record dot is formed in the record paper by three patterns in the case (gradation value 3) of 
forming a large dot when forming only a small dot about a gradation expression in the case of the non- 
dot which does not form a dot (gradation value 1) (gradation value 2), dot gradation of 3 gradation can 
be performed. In addition, as shown in (00), (01), and (10), 2 bit data can express each gradation value. 
[0082] To a switching device 256, at the time of the 1st pulse generating, the case of the gradation 
value 2 of the small dot which carries out the regurgitation only of the small ink droplet makes it 
synchronize, and impresses "1", and at the time of the 2nd pulse generating, if "0" is impressed, only 
the 1st pulse can be supplied to a piezo-electric element 257. That is, by translating into 2 bit data (10) 
the 2-bit data (01) in which gradation 2 is shown (decoding), only the 1st pulse can be impressed to a 
piezo-electric element 257, and the gradation value 2 of a small dot can be realized. 
[0083] If similarly 2 decoded bit data (11) are given to a switching device 256, the 1st pulse and the 2nd 
pulse are impressed to a piezo-electric element 257, the ink droplet of the smallness size of two shots 
reaches the target in the record paper continuously by this, each ink droplet is mixed, a large dot is 
formed substantially, and the gradation value 3 can be realized. Moreover, similarly, in the case of the 
gradation value 1 of the non-dot which does not carry out the regurgitation of the ink droplet, the 
gradation value 1 of a non-dot can be realized without impressing a pulse to a piezo-electric element 
257, if 2 bit data (00) are given to a switching device 256. 

[0084] It supplements about the concrete configuration which gives 2-bit printing data to switching 
device 256 grade each. First, the 2-bit printing data (D1, D2) decoded by the control circuit 46 are 
memorized by output-buffer 44C. Here, D1 is the selection signal of the 1st pulse, and D2 is the 
selection signal of the 1st pulse. This 2-bit printing data is given to the switching device 256 
corresponding to each nozzle of a recording head 28 into 1 record period. The printing data of the 1st 
nozzle in the location which makes n pieces the number of nozzles of a recording head 28, and 
specifically has the direction of vertical scanning (D11, D21), As shown in (D12, D22), when the printing 
data of the 2nd nozzle are expressed, synchronizing with a clock signal, the serial input of the data (... 
D11, D12, D13, D1n) of the 1st pulse selection signal D1 about all nozzles is carried out to a shift 
register 253. Similarly, the data (... D21, D22, D23, D2n) of the 2nd pulse selection signal D2 about all 
nozzles are transmitted to a shift register 253 within 1 record period. This situation was shown in the 
bottom of drawing 11 . 

[0085] As shown in drawing 11 , the printing data which choose the driving pulse concerned before the 
timing which generates the target driving pulse are transmitted to the shift register 253. And it is made 
to synchronize with generating of the target pulse, and the latch component 254 is made to transmit and 
memorize the printing data set to the shift register 253. After the pressure up of the printing data of the 
latch component 254 is carried out by the level shifter 255, they are added to a piezo-electric element 
257 as a driving signal through a switching device 256. 

[0086] H. The 2nd example : explain the 2nd example of this invention below. The whole configuration of 
the airline printer of the 2nd example is the same as that of the 1st example. The point that the 2nd 



example differs from the 1st example is a point which makes adjustable the time difference of the timing 
of the expulsion of an ink droplet of the 1st pulse, and the initiation timing of the 1st signal of the 2nd 
pulse according to the environmental temperature of the print head 28 for ink jet record. 
[0087] Drawing 21 is the block diagram showing the internal configuration of the printer 22 in the 2nd 
example. The printer 22 of this example is equipped with the timing storage means 192, the timing 
control means 191, the temperature sensor 194, and A-D converter 193 other than a control circuit 40 
and the piezo-electric element drive circuit 50. A temperature sensor 194 is a sensor which detects the 
temperature around a print head 28. This temperature sensor 194 will have detected environmental 
temperature as a parameter which the regurgitation of ink was carried out and reflected easy. The 
temperature data measured with this temperature sensor 194 are incorporated by the timing control 
means 191 through A-D converter 193. In the timing control means 191, based on the temperature data 
inputted from the temperature sensor 194, the "initiation timing of 1st signal of 2nd pulse" conditions 
beforehand memorized by the timing storage means 1 92 are read, and this is outputted to the driving 
signal setting circuit 47 of a control circuit 40. The driving signal setting circuit 47 incorporates this 
condition, determines the initiation timing conditions of the 1st signal of the 2nd pulse, and adjusts the 
timing of the signal which outputs that information to the piezo-electric element drive circuit 50 through 
I/F49. Therefore, it is possible to adjust the timing of the driving signal of the 2nd pulse with 
environmental temperature. In addition, it is also possible to constitute so that only a temperature 
sensor 194 may be formed and timing etc. may be altogether determined by the control circuit 40 side. 
[0088] Drawing 22 is drawing which illustrates a motion of a meniscus when environmental temperature 
changes with 15 degrees C, 25 degrees C, and 40 degrees C in the printer which adopted a certain ink, 
an axis of ordinate shows the variation rate of a meniscus, and an axis of abscissa shows time amount. 
The sign 901 in drawing is the variation rate of the meniscus in 15 degrees C, and signs 902 and 903 
show the variation rate of the meniscus in 25 degrees C and 40 degrees C respectively. 
[0089] That viscosity is ink of the type which changes with temperature, and the ink of this example has 
the description to which viscosity falls, so that temperature becomes high. Since passage resistance 
increases by the temperature dependence of ink viscosity compared with the variation rate 902 of the 
meniscus in 25 degrees C, attenuation of meniscus vibration becomes large and both the amplitude by 
helmholtz resonance of the meniscus immediately after the above-mentioned expulsion of an ink droplet 
and the amplitude by the proper oscillation of a meniscus of the variation rate 901 of the meniscus in 15 
degrees C are small. Furthermore, the period of vibration Tm of proper oscillation becomes long 
according to increase of passage resistance. On the contrary, as for the variation rate 901 of the 
meniscus in 40 degrees C, in order that passage resistance may decrease, attenuation of meniscus 
vibration becomes small and both the amplitude by helmholtz resonance of a meniscus and the 
amplitude by the proper oscillation of a meniscus become large. Furthermore, the period Tm of said 
proper oscillation becomes short by reduction of passage resistance. 

[0090] Thus, if the time difference of the timing of the expulsion of an ink droplet of the 1 st pulse and 
the initiation timing of the 1st signal of the 2nd pulse is not depended on an environment but it is fixed 
since a meniscus vibrational state changes with viscous temperature dependence a lot when the ink 
used for a printer is ink of the type which changes viscosity a lot with temperature, the weight of an ink 
droplet may be greatly different with temperature. It is because the meniscus location and meniscus 
rate in initiation timing of the 1st signal of the 2nd pulse change. 

[0091] so, when such ink was used, it was shown in drawing 22 — as — the initiation timing of the 1st 
signal of the 2nd pulse — 15 degrees C — setting — time of day 904 — 25 degrees C — setting — 
time of day 905 — 40 degrees C — setting — time of day 906 — ** — it considers as adjustable with 
environmental temperature so that it may say. Consequently, the environmental dependency of a 
meniscus location and a meniscus rate can be offset to some extent, and it becomes possible to 
suppress change of the ink droplet weight of the 2nd pulse by environmental temperature with an easy 
configuration. In addition, what is necessary is to detect similarly and to just be reflected in the initiation 
timing of the 1st signal of the 2nd pulse, if there is another parameter relevant to the ease of carrying 



out of the regurgitation of ink As such a parameter, various things, such as secular change of the 
concentration and the atmospheric pressure of ink, and the property of a piezo-electric element, can be 
considered, for example. Although it is desirable to carry out direct detection of such a parameter, when 
it is difficult to carry out direct detection, that shall presume or a user shall set up does not interfere, 
either. For example, it is also possible to presume ink concentration from the weight of the whole ink 
cartridge immediately after exchange, or to presume secular change of a property by the elapsed time 
from the beginning of using. Moreover, although information, such as atmospheric pressure, may form a 
sensor in a printer, a computer 90 is good [ information ] also as that by which data are transmitted to 
reception from a predetermined measurement period, and it transmits this to a printer 22 through the 
telephone line, for example. 

[0092] L — 3rd example: — the 3rd example of this invention is explained below. An airline printer, and 
the printer and its head driving gear of the 3rd example are proportionate to the configuration of said 
2nd example. The point that the 3rd example differs from the 2nd example is a point which makes 
adjustable the time difference of the timing of the expulsion of an ink droplet of the 1st pulse, and the 
initiation timing of the 1st signal of the 2nd pulse at a long side as it becomes hot environments. 
[0093] Drawing 23 is drawing showing a motion of a meniscus when environmental temperature changes 
with 15 degrees C, 25 degrees C, and 40 degrees C in the printer using a certain ink like drawing 22 , an 
axis of ordinate shows the variation rate of a meniscus, and an axis of abscissa shows time amount. 
[0094] it ****(ed) to drawing 23 — as — : this example — the initiation timing of the 1st signal of the 
2nd pulse — 15 degrees C — setting — time of day 914 — 25 degrees C — setting — time of day 915 

— 40 degrees C — setting — time of day 916 — ** — it becomes hot environments so that it may say 

— it is alike, and it follows and is considering as adjustable at the long side. This this example can also 
offset the environmental dependency of a meniscus location and a meniscus rate to some extent, and 
can suppress change of the ink droplet weight of the 2nd pulse by environmental temperature with an 
easy configuration. [ as well as the 2nd example ] Furthermore, in this example, since it is hard to 
receive the effect of Tc vibration of the meniscus immediately after the 1st expulsion of an ink droplet 
in a long side by considering as adjustable in the initiation timing of the 2nd pulse as it becomes hot 
environments, it doubles and has the advantage in which the stable flight condition with little flight 
deflection is realizable. 

[0095] J. Explain 4th example:, next the 4th example of this invention. Although the 4th example has the 
same hardware configuration as the 1 st example, it has the description at the point of having defined the 
timing of the regurgitation of the 2nd ink droplet in consideration of the period Tc of HORUMU Hertz 
resonance, [fa motion of the meniscus after performing the regurgitation of the small ink droplet by the 
1st pulse is observed in a detail as illustrated to drawing 22 and 23, the vibration of the period Tc it 
moves and is alike, in addition according from this period Tm to the HORUMU Hertz resonance with a 
quite short period with the big meniscus according to the period Tm of the proper oscillation of a 
meniscus will be seen. Therefore, it can carry out adjustable [ of the weight of the ink droplet breathed 
out according to the 2nd pulse ] by defining the timing of the regurgitation of the 2nd ink droplet in 
consideration of the period Tc by this HORUMU Hertz resonance. 

[0096] For example, drawing 24 shows a motion of the meniscus at the time of using a certain ink in 
detail, and signs that the period Tm by the proper oscillation of a meniscus is overlapped on vibration of 
the period Tc by helmholtz resonance understand it. drawing 2 — the peak of vibration by helmholtz 
resonance of the beginning after regurgitation termination of the ink droplet are and according [ a sign 
921 ] to the 1st pulse — in the sign 922, a sign 923 shows the 3rd peak and the sign 924 shows the 4th 
peak for the 2nd peak, respectively. Then, it is the integral multiple (1 time, twice, 3 times.) of this period 
Tc about the timing of the regurgitation of the ink droplet by the 2nd pulse. .. If it considers as) and can 
set, the weight of the ink droplet breathed out according to the 2nd pulse can be increased. Moreover, if 
timing of the regurgitation of the ink droplet by the 2nd pulse is made into twice (integer +1/2) this 
period Tc, the weight of the ink droplet breathed out according to the 2nd pulse can be reduced. 
[0097] Consequently, it becomes possible by taking into consideration the period Tc of helmholtz 



resonance of a meniscus to control the weight of an ink droplet finely. As an ink droplet becomes the 
viscosity of ink falls and is easy to be breathed out, using this description It is also possible to perform 
control referred to as to extend the timing of the regurgitation of the 2nd ink droplet from the integral 
multiple of a period Tc to twice (integer +1/2) (or shrunken), to offset the part as for which a viscous 
change becomes is easy to be breathed out, and not to be based on a viscous change, but to keep the 
weight of an ink droplet constant. It is also suitable to determine the timing of the 1st signal of the 2nd 
pulse and the timing of the regurgitation of the 2nd ink droplet from the first in consideration of both 
period Tm by the proper oscillation of a meniscus and period Tc by helmholtz resonance. In this case, it 
becomes possible to take the largest adjustable range of ink weight to the condition which made ink 
weight min by making both into the worst conditions from the condition which chose both the optimal 
and made ink weight max. 

[0098] Although some examples of this invention were explained above, this invention is not limited to 
these examples at all, and can be carried out in various modes within limits which do not change the 
summary of this invention. For example, in the above-mentioned example, although flexurally oscillating 
child type PZT was used for the piezo-electric element, it may be PZT of the longitudinal-oscillation 
transversa! effect. However, charge and discharge will interchange to flexurally oscillating child type PZT 
in this case. Moreover, as a pressure generating component, other components, such as not only a 
piezo-electric element but magnetostrictor, may be used. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows an example of the driving signal of the piezo-electric element in 
the example of this invention. 

[Drawing 2] It is the outline block diagram of the airline printer of this invention. 
[Drawing 3] It is the block diagram showing the configuration of a printer driver. 

[Drawing 4] It is the explanatory view showing the internal configuration of a printer 22 focusing on a 
drive system. 

[Drawing 5] It is the explanatory view showing the outline configuration of the circumference of the 
introductory tubing 67 of the head for printing. 

[Drawing 6] It is the explanatory view showing the principle by which an ink droplet is breathed out by 
telescopic motion of a piezo-electric element. 

[Drawing 7] It is the sectional view showing the mechanical structure of the ink regurgitation device 
prepared in the head. 

[Drawing 8] It is the explanatory view which illustrates the list of the nozzle in the print head 28 in an 
example. 

[Drawing 9] It is the mimetic diagram which illustrates the relation between the driving signal added to a 
piezo-electric element, and the regurgitation of an ink droplet. 

[Drawing 10] It is the block diagram which illustrates the electric configuration of the printer 22 interior 
used in the 1st example of this invention. 

[Drawing 1 1] It is an explanatory view explaining each wave of a driving signal. 

[Drawing 12] It is the block diagram which illustrates the internal configuration of the piezo-electric 
element drive circuit 50. 

[Drawing 13] It is the explanatory view showing the process of generation of a driving pulse. 
[Drawing 14] It is the timing chart which shows the timing of each signal in the case of making a note 
using a data signal and setting a slew rate as 51. 

[Drawing 1 5] The ink droplet of two breathed-out size is the mimetic diagram showing the condition of 
reaching the target on Form P. 

[Drawing 16] It is the explanatory view showing the relation between pulse selection and the ink droplet 
weight per 1 record period. 

[Drawing 17] It is the graph which shows one example of the variation rate of a meniscus in case an 
independent pulse performs the regurgitation of ink. 

[Drawing 18] It is the graph which shows one example of the variation rate of a meniscus in case two 
continuous pulses perform the regurgitation of ink. 

[Drawing 19] It is the graph which shows the relation between the initiation timing of the 1st signal of 
the 2nd pulse, and the ink droplet weight breathed out by two pulses. 

[Drawing 20] It is the block diagram showing the outline configuration of the piezo drive circuit in the 
modification of the 1st example. 

[Drawing 21] It is the block diagram showing the internal configuration of the printer in the 2nd example 
of this invention. 



FPrawing 22] It is the graph which shows the variation 
rDrawing 23] It is the graph which shows the variation 
invention. 

[Drawing 24] It is the graph which shows the variation 
invention. 

[Description of Notations] 
12 — Scanner 

14 — Keyboard 

15 — Flexible drive 

16 — Hard disk 
18 — Modem 

21 — CRT display 

22 — Printer 

23 — Paper feed motor 

24 — Carriage motor 
26 — Platen 

28 — Head for ink regurgitation 

31 — Carriage 

32 — Control panel 
34 — Sliding shaft 
36 — Driving belt 

38 — Pulley 

39 — Location detection sensor 

40 — Control circuit 

43 — I/F 

44 — RAM 

44A — Receive buffer 
44B — Middle buffer 
44C — Output buffer 

45 — ROM 

46 — Control section 

47 — Oscillator circuit 

48 — Drive signal generating circuit 
48A — Driving signal setting circuit 

49 — I/F 

50 ■ — Piezo-electric element drive circuit 

51 — Memory 

52 — 1st latch 

53 — Shift register 

53 — Adder 

54 — 2nd latch 

55 — Level shifter 

56 — D/A converter 

57 — Section 

57A-57N — Piezo-electric element 

58 — Voltage amplification section 

59 — Current amplification section 
61-66 — Head for ink regurgitation 

67 — Introductory tubing 

68 — Ink path 



rate of the meniscus in the 2nd example. 

rate of the meniscus in the 3rd example of this 

rate of the meniscus in the 4th example of this 



71 72 — Ink cartridge 
80 --Bus 

81 — CPU 

82 — ROM 

83 — RAM 

84 — Input interface 

85 — Output interface 

86 — CRTC 
88 — SIO 

90 — Computer 

91 — Video driver 

95 — Application program 

96 — Printer driver 

97 — Resolution conversion module 

98 — Color correction module 

99 — Halftone module 

100 — Rasterizer 

121 — Actuator unit 

122 — Passage unit 

123 — Nozzle orifice 

130 — 1st covering device material 
132 — Pressure generating room 

134 — Drive electrode 

135 — Spacer 

136 — 2nd covering device material 

137 — Ink feed hopper 
138,139 — Free passage hole 

140 — Ink feed hopper formation substrate 

141 — Ink room 

143 — Ink room formation substrate 

144 — Nozzle free passage hole 

145 — Nozzle plate 
146,147,148— Glue line 

191 — Timing control means 

192 — Timing storage means 

1 93 — A-D converter 

1 94 — Temperature sensor 
253A-253N — Shift register 
254A-254N — Latch component 
255A-255N — Level shifter 
256A-256N — Switching device 
257A-257N — Piezo-electric element 
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